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(54) SEMICONDUCTOR WAFER PROCESSING APPARATUS AND PROCESSING METHOD 



(57) This invention relates to a semiconductor sub- 
strate processing apparatus and method for forming in- 
terconnects by filling a circuit pattern groove and/or a 
hole fomried in a semiconductor substrate with a plated 
metal film, and removing the plated metal film while leav- 
ing the metal film at the filled portion. The semiconductor 
substrate processing apparatus according to the 
present invention comprises a loading and unloading 
section (1) for carrying in and carrying out a semfcon- 
ductor substrate W, which has a circuit fonmed on a sur- 



face thereof, in a dry state; a plated metal film forming 
unit (2) for forming a plated metal film on the semteon- 
ductor substrate whfch has been carried in; a bevel etch- 
ing unit (11 6) for etching a peripheral edge portion of the 
semiconductor substrate; a polishing unit (10, 11) for 
polishing at least part of the plated metal film on the sem- 
iconductor substrate; and a robot (3, 8) for transporting 
the semiconductor substrate between the above units. 
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Description 
Technical Field 

[0001 ] The present invention relates to a semiconduc- 
tor substrate processing apparatus and method for 
forming circuit interconnects by filling a circuit pattern 
groove and/or hole formed in a semiconductor substrate 
with a plated metal film, and removing the plated metal 
film while leaving the metal film at the filled portion. 

Background Art 

[0002] Generally, aluminum or aluminum alloys have 
been used as a material for forming interconnection cir- 
cuits on a semiconductor substrate. The higher integra- 
tion of semiconductor devices requires that a material 
having a higher electric conductivity should be used for 
interconnection circuits. Thus, there has been proposed 
a method which comprises plating a surface of a semi- 
conductor substrate having a circuit pattern groove and/ 
or hole fomned therein to fill Cu (copper) or copper alloy 
into the circuit pattern groove and/or hole, and removing 
the Cu or copper alloy with the exception of the filled 
portion, thereby forming circuit interconnects. 
[0003] The above method of forming circuit intercon- 
nects will be described with reference to FIGS. 1A 
through 1C. As shown in FIG. 1A, a conductive layer 
101a is formed on a semiconductor substrate 101 on 
which semiconductor devices are formed, and an oxide 
film 102 of SiOg is deposited on the conductive layer 
1 01 a. Then, a via hole 1 03 and a trench 1 04 for an in- 
terconnect are fomned in the oxide film 2 by lithography 
and etching technology. Thereafter, a barrier layer 105 
of TiN or the like is formed thereon, and then a seed 
layer 1 07 as an electric supply layer for electroplating is 
formed on the barrier layer 1 05. 
[0004] Then, as shown in FIG. 1 B, the surface of the 
semiconductor substrate W is coated with copper by 
electroplating to deposit a plated copper film 1 06 on the 
oxide film 1 02, thus filling the via hole 1 03 and the trench 
1 04 with copper. Thereafter, the plated copper film 1 06 
and the barrier layer 105 on the oxide film 102 are re- 
moved by chemical mechanical polishing (CMP), thus 
making the plated copper film 106 in the via hole 103 
and the trench 104 lie flush with the oxide film 102. In 
this manner, an interconnect composed of the plated 
copper film 1 06 is produced as shown in FIG. 1 C. 
[0005] In this case, the barrier layer 105 is fomried so 
as to cover a substantially entire surface of the oxide 
film 1 02, and the seed layer 1 07 is also formed so as to 
cover a substantially entire surface of the barrier layer 
1 05. Thus, in somecases, as shown in FIG. 40, a copper 
film which is the seed layer 107 resides in a bevel (outer 
peripheral portion) of the semiconductor substrate W, or 
copper is deposited on an edge (outer peripheral por- 
tion) inwardly of the bevel of the semiconductor sub- 
strate W and remains unpolished (not shown in the 



drawing). 

[0006] Copper can easily be diffused into the oxide 
film 1 02 in a semiconductor fabrication process such as 
annealing, thus deteriorating the electric insulation of 

5 the oxide film and impairing the adhesiveness of the ox- 
ide film with a film to be subsequently deposited to pos- 
sibly cause separation of the deposited film. It is there- 
fore necessary to remove the remaining unnecessary 
copper completely from the substrate before at least film 

10 deposition. Furthennore, copper deposited on the outer 
peripheral portion of the substrate other than the circuit 
fonmation area is not only unnecessary, but may cause 
cross contamination in subsequent processes of deliv- 
ering, storing and processing the substrate. For these 

15 reasons, it is necessary that the remaining deposited 
copper on the peripheral portion of the substrate should 
be completely removed immediately after the copper 
film deposition process or the CMP process. 
[0007] Here, the outer peripheral portion of the sub- 

20 strate is defined as an area including an edge and a bev- 
el of the semiconductor substrate W, or either the edge 
or the bevel. The edge of the substrate means areas of 
the front and back surfaces of the semiconductor sub- 
strate W within about 5 mm from the outer peripheral 

25 end of the substrate, and the bevel of the substrate 
means an area of the outer peripheral end surface and 
a curved portion in a cross section of the semiconductor 
substrate W within 0.5 mm from the outer peripheral end 
of the substrate. 

30 [0008] Recently, a so-called dry-in dry-out configura- 
tion in which a substrate is introduced in a dry state and 
removed in a dry state is employed in a plating appara- 
tus for performing Cu plating of copper interconnection, 
and a polishing apparatus for performing chemical me- 

55 chanical polishing. The apparatuses have such struc- 
ture that after respective processing steps such as plat- 
ing or polishing are performed, particles are removed 
and dried by a cleaning unit and a spin-drying unit, and 
the semiconductor substrate Is taken out In a dry state 

40 from the respective apparatuses. In this manner, the 
plating apparatus and the polishing apparatus perform 
many common processes, whrch are essentially suc- 
cessive processes. Thus, there have been problems 
that the initial cost and the running cost for the appara- 

45 tuses are high^ installation spaces for installation of both 
apparatuses need to be wide, and a long processing 
time is required. 

[0009] Currently, the driving force for semiconductor 
devices is changing from vnork stations and personal 

50 computers to digital infomnation household electric ap- 
pliances (game machines, cellular phones, digital still 
cameras, DVD, car navigation instruments, digital video 
cameras, and the like). Under these circumstances, LSI 
production also needs to respond to changes from gen- 

55 eral purpose LSls used in personal computers, and the 
like, to system LSls required for digital infomnation 
household electric appliances. 
[0010] These system LSls are characterized by a 
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wide variety of products, low volume production, great 
fluctuations in the number of products made, and a short 
life of product, as compared with general purpose LSIs. 
In order to reduce the instrument costs of digital infor- 
mation household electrical appliances, it is indispensa- s 
ble to reduce the manufacturing cost for LSIs. in semi- 
conductor production plants as well, it is demanded to 
shift from the concept of large scale lines to the posses- 
sion of many types of small scale lines, and minimize 
the production time rather than the amount of produc- 
tion. In order to cope with these demands, it is demand- 
ed for future semiconductor device production to re- 
spond quickly to the needs of Instrument manufacturers 
and place semiconductor devices on the production 
lines as promptly as possible. Besides, since changes 
in demand are drastic, it is necessary that functional 
changes can be made flexibly, or the apparatus can be 
renewed. 

[001 1] In the aforementioned process for fonming in- 
terconnects using copper or copper alloys, electroless 
plating apparatuses are used in the formation of a seed 
layer formation of a reinforcing seed layer formed on 
the seed layer for reinforcing the seed layer, and forma- 
tion of an interconnect protective film. 
[001 2] Among these electroless plating apparatuses, 
instead of an electroless plating apparatus for perform- 
ing electroless plating processes by providing a plurality 
of units for carrying out a plating step, a pretreatment 
step associated with plating, and a cleaning step, there 
has been proposed an electroless plating apparatus for 
perfonming the above electroless plating processes by 
one unit. FIG. 41 is a schematic view showing a sche- 
matic constitution of this type of electroless plating ap- 
paratus. As shown in FIG. 41 , this electroless plating 
apparatus has a cover 83 disposed around a semicon- 
ductor substrate W placed on and fixed to a holding 
means 81 rotated by a motor M. While the semiconduc- 
tor substrate W is being rotated by the motor M at a po- 
sition shown by dotted lines, a plating liquid is supplied 
by a pump P from a plating tank 87 to the center of an 
upper surface of the semiconductor substrate W. While 
the plating liquid is spread on the entire upper surface 
of the semiconductor substrate W under a centrifugal 
force caused by the rotation of the semiconductor sub- 
strate W to carry out plating, the plating liquid, which has 
fallen from the semiconductor substrate W, is returned 
from a plating liquid recovery section 85 of the cover 83 
to the plating tank 87. In this manner the plating liquid 
is circulated. F denotes a filter 
[0013] On the other hand, the semiconductor sub- 
strate W which has been plated is rotated in such a state 
that the semiconductor substrate W is lowered to a po- 
sition indicated by solid lines in FIG. 41 , and cleaning 
water is supplied to the semiconductor substrate W from 
a cleaning water supply means (not shown). Thus, the 
plating liquid is rinsed out of the front surface of the sem- 
iconductor substrate W, collected into a cleaning liquid 
recovery section 86. and drained therefrom. 



4 

[0014] However, the above-described conventional 
electroless plating apparatus also has the following var- 
ious problems: 

(1 ) The plating liquid is always dripped onto the sur- 
face, to be plated, of the semiconductor substrate, 
and hence the plating liquid is used in a large 
amount by circulation. When a large amount of the 
plating liquid is used in a circulated manner, a large 
pump is required. A liquid temperature maintaining 
device, which counters a rise in the liquid tempera- 
ture due to heat generation of the pump, is neces- 
sary. Thus, not only the apparatus cost increases, 
but also the apparatus becomes large-sized, and 
hence the cost for a clean room for accommodating 
this apparatus increases. 

(2) The plating liquid is always used in circulation, 
and hence by-products are accumulated in the sys- 
tem on the basis of the principle of electroless plat- 
ing, and a stable plating process cannot be main- 
tained. In order to perform a stable plating process, 
analysis of the plating liquid, and a liquid adjustment 
device are necessary to thus increase the device 
cost and the clean room cost. 

(3) Since a large amount of the plating liquid is used 
in circulation, particles tend to be generated from 
the respective components of the device. Thus, it is 
necessary to install a filter F in the circulation path 
to thus increase the device cost and the clean room 
cost. 

(4) When plating is performed in such a state that 
the plating liquid is always supplied to only a certain 
portion on the surface to be plated, the thickness of 
the plated film at the portion where the plating liquid 
has been dripped is smaller than the thickness of 
the plated film at other portions, as confirmed by ex- 
periments. In this way, the unifonmity of the film 
thickness on the substrate deteriorates. The reason 
is considered to possibly be that the portion where 
the plating liquid has been dripped Is different from 
the other portions in tenns of the flow velocity, thick- 
ness, or the like of the plating liquid, so that the re- 
action state at that portion differs. 

(5) In order to perform electroless plating, the tem- 
perature of the surface of reaction between the sur- 
face to be plated and the plating liquid needs to be 
maintained at a predetemiined constant tempera- 
ture. Therefore, a measure for constantly heating a 
large amount of the plating liquid to a temperature 
optimal for a plating reaction needs to be taken. 
Thus, an increase in the apparatus cost and an in- 
crease in the clean room cost are induced. Moreo- 
ver since the plating liquid is constantly heated, de- 
terioration of the plating liquid is promoted. 

(6) The semiconductor substrate is always rotated, 
and hence heat dissipation due to the peripheral 
speed of the semiconductor substrate results in a 
conspicuous drop in temperature, leading to the fail- 
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ure to obtain a stable plating process. 



[0015] In the aforementioned process for fomning in- 
terconnects by copper or copper alloys, for example, the 
substrate processing steps of forming the film on the 
substrate, and polishing the film require that the reliabil- 
ity of substrate processing should be increased, for ex- 
ample, by making the film thicl^ness constant, or con- 
trolling the film thickness at a desired value. The film 
thickness in the case of a semiconductor wafer, in par- 
ticular, is in the range of about several tens of nanome- 
ters to several micrometers, and hence the film thick- 
ness must be controlled at such a minute level. From 
this point of view, a film thickness measuring device Is 
installed in a substrate processing apparatus. In the 
CMP (chemical mechanical polishing) apparatus, it is al- 
so usual practice to embed a sensor for film thickness 
measurement in a turntable for performing polishing of 
the substrate and measure the film thickness during pol- 
ishing. 

[0016] However, in the case where the film thickness 
measuring device is installed In the substrate process- 
ing apparatus, the substrate is moved to the film thick- 
ness measuring device halfway through the substrate 
processing steps to measure the film thickness. Thus, 
there has been a problem that the time for measurement 
is required to thus decrease the throughput. Since the 
film thickness measuring device is provided in addition 
to the various devices for processing substrate, it has 
been necessary to ensure a space for installation of the 
film thickness measuring device. 
[0017] In the CMP apparatus having a sensor for film 
thickness measurement embedded in a turntable, there 
have been problems that mechanism becomes compli- 
cated, because the sensor is embedded in the turntable 
for perfomriing polishing, and a slurry often adheres to 
the sensor to cause measurement to be difficult. 
[001 8] The above problems are not limited to the sen- 
sor for measurement of metal film thickness, and hold 
true for other various sensors for detection of substrate 
surface state, such as a sensor for detection of an Insu- 
lating film thickness (oxide film thickness), a sensor for 
detection of presence or absence of a metallic thin film, 
a sensor for detection of presence or absence of parti- 
cles on a substrate, and a sensor for recognition of a 
pattern fomried on a substrate. 
[0019] Generally, in a substrate processing appara- 
tus, it is desirable not only to improve quality, but also 
to improve throughput from the viewpoint of productivity. 
Therefore, in order to meet demands from aspects of 
quality and productivity, detection of a substrate surface 
condition such as film thickness needs to be perfomied 
in a series of movement of a substrate during the proc- 
ess so as not to lower throughput. 

Disclosure of Invention 

[0020] The present invention has been made in view 



of the above drawbacks. It is therefore a first object of 
the invention to provide a semiconductor substrate 
processing apparatus and method which can lower the 
initial cost and the running cost of the apparatus, do not 

5 need a wide installation space, can form circuit intercon- 
nects by copper or copper alloy in a short processing 
time, and are free from remaining copper film at an edge 
and bevel portion which will cause cross contamination. 
[0021] Another object of the present invention is to 

10 provide a semiconductor substrate processing appara- 
tus suitable for production lines which produce products 
in many different varieties, in a low volume, in greatly 
fluctuated numbers, and with a short product life, such 
as system LSIs used in digital infomriation household 

15 electric appliances, are on a small scale, and can flexibly 
make functional changes or can renew the apparatus. 
[0022] A second object of the present invention is to 
provide an electroless plating method and apparatus 
which can reduce the amount of a plating liquid used, 

20 can maintain a stable plating process, can achieve a 
small size and a low cost of the apparatus, can attain 
the uniformity of a film thickness on the plane, and can 
prevent deterioration of a plating liquid due to a temper- 
ature rise. 

25 [0023] A third object of the present invention is to pro- 
vide a substrate processing apparatus which can per- 
fomn detection of various substrate surface states, such 
as film thickness, easily and highly accurately during 
transporting or processing of the substrate, without 

30 stopping transporting or processing of the substrate, so 
as not to lower throughput. 

[0024] In order to achieve the first object, a first aspect 
of the present invention, comprising: a carry-in and car- 
ry-out section for canying in and carrying out a semi- 

35 conductor substrate having a surface on which a circuit 
is formed, in a dry state; a plated metal film fonming unit 
for fomiing a plated metal film on the semiconductor 
substrate which has been carried in; a bevel etching unit 
for etching a peripheral edge portion of the semiconduc- 

40 tor substrate; a polishing unit for polishing at least part 
of the plated metal film on the semiconductor substrate; 
and a transport mechanism for transporting the semi- 
conductor substrate between the units. 
[0025] According to the present invention, the steps 

45 of removing a plated metal film at an edge portion and 
a bevel portion after formation of the plated metal film, 
and polishing the plated metal film on the semiconductor 
substrate can be performed continuously by one appa- 
ratus. 

50 [0026] The present invention, comprising: a carry-in 
and carry-out section for carrying in and canying out a 
semiconductor substrate having a surface on which a 
circuit is formed, in a dry state; a plated metal film fomn- 
ing unit for fonming a plated metal film on the semicon- 

55 ductor substrate whteh has been carried in; a bevel etch- 
ing unit for etching a peripheral edge portion of the sem- 
iconductor substrate; a polishing unit for polishing at 
least part of the plated metal film on the semiconductor 
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substrate; and a transport mechanism for transporting 
the semiconductor substrate between the units; wherein 
the plated metal film forming unit and the bevel etching 
unit are interchangeable. 

[0027] The present invention, comprising: a carry-in 
and carry-out section for carrying in and carrying out a 
semiconductor substrate having a surface on which a 
circuit is formed, in a dry state; a plated metal film fonm- 
ing unit for fonning a plated metal film on the semicon- 
ductor substrate which has been carried in; a bevel etch- 
ing unit for etching and removing at least one of the plat- 
ed metal film, a seed layer and a barrier layer fomned at 
a peripheral edge portion of the semiconductor sub- 
strate; an annealing unit for annealing the semiconduc- 
tor substrate; and a transport mechanism for transport- 
ing the semiconductor substrate between the units. 
[0028] The present invention, comprising: a carry-in 
and cany-out section for carrying in and carrying out a 
semiconductor substrate having a surface on which a 
circuit is formed, in a dry state; a plated metal film fomn- 
ing unit for forming a plated metal film on the semicon- 
ductor substrate which has been carried in; a polishing 
unit for polishing at least part of the plated metal film on 
the semiconductor substrate; and a transport mecha- 
nism for transporting the semiconductor substrate be- 
tween the units; wherein in the plated metal film fomrting 
unit, plating treatment and cleaning treatment are per- 
formed in such a state that the semiconductor substrate 
is held by a substrate holding portion. 
[0029] The present invention, comprising: a carry-in 
and carry-out section for carrying in and carrying out a 
semiconductor substrate having a surface on which a 
circuit is fonned, in a dry state; a plated metal film f omn- 
ing unit for forming a plated metal film on the semicon- 
ductor substrate which has been carried in; a polishing 
unit for polishing at least part of the plated metal film on 
the semiconductor substrate; and a transport mecha- 
nism for transporting the semiconductor substrate be- 
tween the units; wherein the plated metal film fomning 
unit comprises a substrate holding portion for holding 
the semiconductor substrate, an anode disposed above 
a surface, to be plated, of the substrate, and a cathode 
electrode for passing an electric cun-ent in contact with 
the substrate, and performs plating while a plating liquid 
impregnated material comprising a water retaining ma- 
terial is placed in a space fomned between the surface 
to be plated and the anode. 

[0030] The present invention, comprising: a carry-in 
and carry-out section for canying in and carrying out a 
semiconductor substrate having a surface on which a 
circuit is fomned, in a dry state; a plated metal film fomn- 
ing unit for forming a plated metal film on the semicon- 
ductor substrate which has been carried in; a polishing 
unit for polishing at least part of the plated metal film on 
the semiconductor substrate; and a transport mecha- 
nism for transporting the semiconductor substrate be- 
tween the units; wherein in the plated metal film fonning 
unit, plating treatment, and cleaning and drying treat- 
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ment are performed by raising and lowering the semi- 
conductor substrate so as to correspond to respective 
operating positions, while the semiconductor substrate 
is held by a substrate holding portion. 

5 [0031] The present invention, comprising: a carry-in 
and carry-out section for carrying in and carrying out a 
semiconductor substrate having a surface on which a 
circuit is formed, in a dry state; a plated metal film form- 
ing unit for fomning a plated metal film on the semicon- 

10 ductor substrate which has been carried in; a polishing 
unit for polishing at least part of the plated metal film on 
the semiconductor substrate; and a transport mecha- 
nism for transporting the semiconductor substrate be- 
tween the units; wherein the plated metal film forming 

15 unit holds the semiconductor substrate such that a sur- 
face, to be plated, of the semiconductor substrate faces 
upward, seats a peripheral edge portion of the surface, 
to be plated, of the semiconductor substrate with a seal 
in a watertight manner, has an anode disposed above 

20 the surface to be plated in proximity to the surface to be 
plated, has a cathode electrode for passing an electric 
current in contact with the semiconductor substrate, and 
perfomns plating while a plating liquid is held in a space 
fomned by the surface, to be plated, of the semiconduc- 

25 tor substrate and the seal. 

[0032] The present invention, comprising: a carry-in 
and carry-out section for carrying in and canying out a 
semiconductor substrate having a surface on which a 
circuit is formed, in a dry state; a plated metal film fomn- 

30 ing unit for fonning a plated metal film on the semicon- 
ductor substrate which has been carried in; a polishing 
unit for polishing at least part of the plated metal film on 
the semiconductor substrate; and a transport mecha- 
nism for transporting the semiconductor substrate be- 

35 tween said units; wherein said plated metal film forming 
unit comprises a substrate holding portion for holding 
the semiconductor substrate such that a surface, to be 
plated, of the semiconductor substrate faces upward, an 
anode disposed above the surface, to be plated, of the 

40 semiconductor substrate, a cathode electrode for pass- 
ing an electric current in contact with the semiconductor 
substrate, and a pure water supply nozzle, and simulta- 
neously cleans the semiconductor substrate and said 
cathode electrode by supplying pure water from said 

45 nozzle after completion of plating treatment. 

[0033] The present invention, comprising: a carry-in 
and carry-out section for carrying in and carrying out a 
semiconductor substrate having a surface on which a 
circuit is formed, in a dry state; a plated metal film form- 

50 ing unit for forming a plated metal film on the semicon- 
ductor substrate which has been carried in; a polishing 
unit for polishing at least part of the plated metal film on 
the semiconductor substrate; and a transport mecha- 
nism for transporting the semiconductor substrate be- 

55 tween the units; wherein the plated metal film forming 
unit holds the semiconductor substrate such that a sur- 
face, to be plated, of the semiconductor substrate faces 
upward, seals a peripheral edge portion of the surface, 
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to be plated, of the semiconductor substrate with a seal 
in a watertight nnanner, has an anode disposed above 
the surface to be plated in proxinnity to the surface to be 
plated, has a cathode electrode for passing an electric 
current in contact wfth the semiconductor substrate, and 
performs plating while a plating liquid is held in a space 
sealed in a watertight manner and fonned between the 
surface to be plated and the anode. 
[0034] The present invention, comprising: a carry-in 
and cany-out section for carrying in and carrying out a 
semiconductor substrate having a surface on which cir- 
cuit is formed, in a dry state; a plated metal film f omiing 
unit for forming a plated metal film on the semiconductor 
substrate which has been carried in; a polishing unit for 
polishing at least part of the plated metal film on the sem- 
iconductor substrate; and a transport mechanism for 
transporting the semiconductor substrate between the 
units; wherein the plated metal film fonning unit can per- 
fomn pretreatment, plating treatment, and water wash- 
ing treatment. 

[0035] The present invention, comprising: a carry-in 
and carry-out section for carrying in and carrying out a 
semiconductor substrate having a surface on which a 
circuit is formed, in a dry state; a barrier layer forming 
unit for forming a barrier layer on the semiconductor 
substrate which has been carried in; a seed layer fomi- 
ing unit for forming a seed layer on the bamer layer; a 
plated metal film forming unit for fonning a plated metal 
film on the seed layer; a bevel etching unit for etching 
and removing a metal film fomied at an edge portion of 
the semiconductor substrate; an annealing unit for an- 
nealing the plated metal film; a polishing unit for polish- 
ing the plated metal film and/or the seed layer on the 
semiconductor substrate; a cleaning unit for cleaning 
and drying the semiconductor substrate whose plated 
metal film has been polished; a cover plating unit for 
fonming a plated cover layer on the plated metal film; 
and a transport mechanism for transporting the semi- 
conductor substrate; wherein the barrier layer fonning 
unit, the seed layer forming unit, the plated metal film 
fonning unit, the bevel etching unit, the annealing unit, 
the polishing unit, the cleaning unit, and the cover plat- 
ing unit are interchangeable. 

[0036] By constituting the semiconductor substrate 
processing apparatus as described above, processing 
in which metal plating is applied onto a semiconductor 
substrate having a groove and/or a hole for a wiring pat- 
tern formed on a surface thereof, and having a barrier 
layer and a power supply seed layer fonned thereon, a 
plated metal film is polished and removed, and the sub- 
strate is cleaned and dried to form interconnects, can 
be performed continuously by one apparatus. Thus, 
compared with a case in which respective processing 
steps are perfonned by separate apparatuses, the en- 
tire apparatus can be compact, a wide installation space 
is not needed, the initial cost and running cost for the 
apparatus can be decreased, and interconnects can be 
fonned in a short processing time. 
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[0037] According to the present invention, there is 
provided a semiconductor substrate processing appa- 
ratus, comprising: a carry-in and carry-out section for 
canning in and carrying out a semiconductor substrate, 

5 which has a groove and/or a hole for a wiring pattern 
formed on a surface thereof, and has a barrier layer 
fonned thereon, in a dry state; a seed layerforming sec- 
tion for forming a power supply seed layer on the sem- 
iconductor substrate, which has been caried in, by elec- 

10 troless plating; a plated metal film fonning section for 
forming a plated metal film on the semiconductor sub- 
strate, on which the power supply seed layer has been 
fonned, by electroplating; a polishing section for polish- 
ing and removing the plated metal film, the power supply 

15 seed layer, and the barrier layer, while retaining a portion 
filled into the groove and/or the hole of the semiconduc- 
tor substrate on which the plated metal film has been 
formed; a cleaning section for cleaning and drying the 
semiconductor substrate from which the respective lay- 

20 ers are removed; and a transfer mechanism for trans- 
ferring the semiconductor substrate between the re- 
spective sections. 

[0038] By constituting the semiconductor substrate 
processing apparatus as described above, processing 

25 in which a power supply seed layer and a plated metal 
film are applied onto a semiconductor substrate having 
a groove and/or a hole for a wiring pattern formed on a 
surface thereof, and having a barrier layer formed ther- 
eon, the power supply seed layer and the plated metal 

30 film are polished and removed, and the substrate is 
cleaned and dried to fonn interconnects, can be per- 
fonned continuously by one apparatus. Thus, compared 
with a case in which respective treatment steps are per- 
formed by separate apparatuses, the entire apparatus 

35 can be compact, a wide installation space is not needed, 
the initial cost and running cost for the apparatus can 
be decreased, and interconnects can be formed in a 
short processing time. 

[0039] According to the present invention, there is 
40 provided a semiconductor substrate processing appa- 
ratus, comprising: a carry-in and carry-out section for 
canning in and carrying out a semiconductor substrate, 
which has a groove and/or a hole for a wiring pattern 
fonned on a surface thereof , in a dry state; a ban^ier layer 
45 forming section for forming a barrier layer on the semi- 
conductor substrate which has been carried in; a seed 
layer forming section for forming a power supply seed 
layer on the semiconductor substrate on which the bar- 
rier layer has been fonned, by electroless plating; a plat- 
so ed metal film fonning section for fonning a plated metal 
film on the semiconductor substrate on which the power 
supply seed layer has been fonned, by electroplating; a 
polishing section for polishing and removing the plated 
metal film, the power supply seed layer, and the barrier 
55 layer, white retaining a portion filled into the groove and/ 
or the hole of the semiconductor substrate on which the 
plated metal Him has been formed; a cleaning section 
for cleaning and drying the semiconductor substrate 
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from which the respective layers are removed; and a 
transfer mechanism for transferring the semiconductor 
substrate between the respective sections. 
[0040] By constituting the semiconductor substrate 
processing apparatus as described above, processing s 
in which a barrier layer, a power supply seed layer and 
a plated metal film are applied onto a semiconductor 
substrate having a groove and/or a hole for a wiring pat- 
tern fomned on a surface thereof, the barrier layer, the 
power supply seed layer and the plated metal film are 
polished and removed, and the substrate is cleaned and 
dried to fonm interconnects, can be perfonned continu- 
ously by one apparatus. Thus, compared with a case in 
which respective treatment steps are performed by sep- 
arate apparatuses, the entire apparatus can be com- 
pact, a wide installation space is not needed, the initial 
cost and running cost for the apparatus can be de- 
creased, and interconnects can be formed in a short 
processing time. 

[0041] According to the present invention, there are 
provided a film thickness measuring section for meas- 
uring the film thickness of a plated metal film after for- 
mation of the plated metal film, a remaining film meas- 
uring section for measuring a remaining film after pol- 
ishing and removing operation, and recording means for 
recording results of measurements by the film thickness 
measuring section and the remaining film measuring 
section. 

[0042] According to the present invention, a film thick- 
ness measuring section for measuring the film thick- 
nesses of the respective layers is provided, and the in- 
itial film thicknesses of the respective layers are meas- 
ured and the results of the measurements are recorded 
into the recording means. 

[0043] By providing the recording means and record- 
ing the results of measurement of the film thicknesses, 
the remaining film, and the initial film thicknesses of the 
respective layers measured with the film thickness 
measuring section and the remaining film measuring 
section, it is possible to utilize the records as data for 
controlling the processing time of a subsequent step, 
and as data for judging the good or poor state of each 
processing step, or judging whether the semiconductor 
substrate after completion of the interconnects forma- 
tion treatment is good or poor. 

[0044] According to the present invention, there is 
provided a semiconductor substrate processing appa- 
ratus, comprising: a carry-in and carry-out section for 
carrying in and carrying out a semfconductor substrate, 
which has a groove and/or a hole for a wiring pattern 
fomned on a surface thereof, in a dry state; a metal plat- 
ing unit for fonning a plated metal film on the semicon- 
ductor substrate which has been carried in; a polishing 
unit for polishing the plated metal film on the semicon- 
ductor substrate; a cleaning unit for cleaning and drying 
the semiconductor substrate whose plated metal film 
has been polished; and a transport mechanism for 
transporting the semiconductor substrate; wherein the 
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metal plating unit and the cleaning unit are adapted to 
be interchangeable. 

[0045] Since the metal plating unit and the cleaning 
unit are adapted to be interchangeable as described 
abovG; a change in the substrate treatment process can 
be easily perfomned, and renewal of the function of the 
entire substrate processing apparatus can be achieved 
at a tow cost in a short time. 

[0046] According to the present invention, a bevel 
etching unit for etching and removing the plated metal 
film formed at an edge (bevel) portion of the semicon- 
ductor substrate is provided, and the metal plating unit, 
the cleaning unit and the bevel etching unit are adapted 
to be interchangeable. 

[0047] By providing the bevel etching unit, the plated 
metal film at the edge and bevel portions, which be- 
comes the cause of cross contamination, can be re- 
moved. Since the metal plating unit, the cleaning unit 
and the bevel etching unit are adapted to be inter- 
changeable, renewal of the function of the entire sub- 
strate processing apparatus can be achieved at a low 
cost in a short time^ as in the above-mentioned case. 
[0048] The present invention, comprising: a carry-in 
and carry-out section for carrying in and carrying out a 
semiconductor substrate, which has a circuit fomned on 
a surface thereof, in a dry state; a plated metal film fonn- 
ing unit for forming a plated metal film on the semicon- 
ductor substrate which has been carried in: an anneal- 
ing unit for annealing the semiconductor substrate; a 
polishing unit for polishing at least part of the plated met- 
al film on the semiconductor substrate; and a transport 
mechanism for transporting the semiconductor sub- 
strate between the units. 

[0049] According to the present invention, there is 
provided an annealing unit for annealing the plated met- 
al film. 

[0050] Since the annealing unit is provided, as de- 
scribed above, the adhesive force of the plated metal 
film is stable, there is no fear that the plated metal film 
may peel during polishing, and electrical characteristics 
of the plated metal film are improved. 
[0051] According to the present invention, there is 
provided a film thickness measuring instrument for 
measuring the film thickness of the film formed on the 
semiconductor substrate. 

[0052] By measuring the film thickness as described 
above, the plating time for obtaining the desired plated 
film thickness, the polishing time, and the annealing time 
can be adjusted. 

[0053] According to the present invention, there is 

provided a seed layer fonning unit for forming a seed 

layer on the semiconductor substrate, 

[0054] By integrating the seed layer fomning unit with 

the plating unit, the time required for movement of the 

substrate between the apparatuses can be saved, 

throughput can be improved, and contamination-free 

film fonnation can be perfomned. 

[0055] According to the present invention, there is 
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provided a barrier layer forming unit for forming a barrier 

layer on the semiconductor substrate. 

[0056] By integrating the barrier layer forming unit 

with the plating unit, the time required for movement of 

the substrate between the apparatuses can be saved, 

and throughput can be improved. 

[0057] According to the present invention, there is 

provided a cover plating unit. 

[0058] By providing the cover plating unit as de- 
scribed above, a cover plating for preventing oxidation 
or degradation of a plated metal film can be applied onto 
the upper surface of the plated metal film, so that oxida- 
tion and degradation of the upper surface of the plated 
metal film can be prevented. 

[0059] According to the present invention, there is 
provided a semiconductor substrate processing appa- 
ratus, comprising: a can^-in and carry-out section for 
carrying in and carrying out a semiconductor substrate, 
which has a groove and/or a hole for a wiring pattern 
formed on a surface thereof, in a dry state; a metal plat- 
ing unit for forming a plated metal film on the semicon- 
ductor substrate which has been carried in; a polishing 
unit for polishing the plated metal film on the semicon- 
ductor substrate; a cleaning unit for cleaning and drying 
the semiconductor substrate whose plated metal film 
has been polished; and a transport mechanism for 
transporting the semiconductor substrate; wherein the 
metal plating unit has a cathode portion having a sub- 
strate holding portion for holding the substrate with a 
surface, to be plated, facing upward, an electrode anm 
portion disposed above the cathode portion and having 
an anode, and plating liquid pouring means for pouring 
a plating liquid into a space between the surface, to be 
plated, of the substrate held by the substrate holding 
portion and the anode of the electrode arm portion lo- 
cated in proximity to the surface to be plated. 
[0060] The cathode portion of the metal plating unit 
has the substrate holding portion for holding the sub- 
strate horizontally in such a state that the surface to be 
plated faces upward. Thus, plating treatment can be 
perfomied, and other treatments associated with plating 
treatment, such as pretreatment and cleaning and dry- 
ing treatment, can be perfomied before and after plating 
treatment. 

[0081] According to the present invention, there is 
provided a semiconductor substrate processing appa- 
ratus, comprising a carry-in and carry-out section for 
carrying in and carrying out a semiconductor substrate, 
which has a groove and/or a hole for a wiring pattern 
fonmed on a surface thereof, in a dry state; a metal plat- 
ing unit for forming a plated metal film on the semicon- 
ductor substrate which has been carried in; a polishing 
unit for polishing the plated metal film on the semicon- 
ductor substrate; a cleaning unit for cleaning and drying 
the semiconductor substrate whose plated metal film 
has been polished; and a transport mechanism for 
transporting the semiconductor substrate; wherein the 
metal plating unit can perform precoating treatment, 



plating treatment and water washing treatment. 
[0062] As described above, the metal plating unit can 
perform precoating treatment, plating treatment and wa- 
ter washing treatment, and particularly water washing 
5 treatment after plating treatment is performed in the 
metal plating unit. Thus, the plating liquid is not brought 
into other units. 

[0063] The present invention, comprising: a carry-in 
and carry-out section for carrying in and carrying out a 

10 semiconductor substrate, which has a groove and/or a 
hole for a wiring pattern fonned on a surface thereof, in 
a dry state; a barrier layer forming unit for forming a bar- 
rier layer on the semiconductor substrate which has 
been carried in; a seed layer forming unit for fomiing a 

15 seed layer on the barrier layer; a metal plating unit for 
forming a plated metal film on the seed layer; a bevel 
etching unit for etching and removing a metal film 
formed at an edge portion of the semiconductor sub- 
strate; an annealing unit for annealing the plated metal 

20 film; a polishing unit for polishing the plated metal film 
and/or the seed layer on the semiconductor substrate; 
a cleaning and drying unit for cleaning and drying the 
semiconductor substrate whose plated metal film has 
been polished; a plating unit for forming a plated cover 

25 film on the plated metal film; and a transport mechanism 
for transporting the semiconductor substrate; wherein 
the barrier layer forming unit, the seed layerforming unit, 
the metal plating unit, the bevel etching unit, the anneal- 
ing unit, the polishing unit, the cleaning unit, and the cov- 

30 er plating unit are interchangeable. 

[0064] Since the respective units are adapted to be 
interchangeable, as described above, various changes 
in the substrate processing process can be easily per- 
fomied, and renewal of the function of the entire sub- 

35 strate processing apparatus can be achieved at a low 
cost in a short time. 

[0065] According to the present invention, there is 
provided a semiconductor substrate processing meth- 
od, comprising: carrying in a semiconductor substrate, 

40 which has a groove and/or a hole for a wiring pattern 
formed on a surface thereof, and having a barrier layer 
formed thereon, in a dry state by a carry-in and can^- 
out mechanism; fomning a power supply seed layer on 
the semiconductor substrate which has been carried in; 

45 fonming a plated metal film thereon; polishing and re- 
moving the plated metal film, the power supply seed lay- 
er, and the bamer layer, while retaining a portion filled 
into the groove and/or the hole of the semiconductor 
substrate on which the plated metal film has been 

50 formed; cleaning and drying the semiconductor sub- 
strate from which the respective layers are removed; 
and then transferring the semiconductor substrate in a 
dry state to the carry-in and can7-out mechanism. 
[0066] By perfomning the semiconductor substrate 

55 treatment method as described above, processing in 
which a power supply seed layer and a plated metal film 
are applied onto a semiconductor substrate having a 
groove and/or a hole for a wiring pattem fomned on a 
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surface thereof, and having a barrier layer fomried ther- 
eon, the power supply seed layer and the plated metal 
film are polished and removed, and the substrate is 
cleaned and dried to fomn interconnects, can be per- 
formed continuously. Thus, interconnects can be 
fomned In a short processing time. 
[0067] According to the present invention, there is 
provided a semiconductor substrate processing meth- 
od, comprising: carrying in a semiconductor substrate, 
which has a groove and/or a hole for a wiring pattern 
fonned on a surface thereof, in a dry state by a carry-in 
and carry-out mechanism; fonning a barrier layer on the 
semiconductor substrate which has been carried in; 
fomiing a power supply seed layer thereon; forming a 
plated metal film further thereon; polishing and remov- 
ing the plated metal film, the power supply seed layer 
and the barrier layer, while retaining a portion filled Into 
the groove and/or the hole of the semiconductor sub- 
strate on which the plated metal film has been formed; 
cleaning and drying the semiconductor substrate from 
which the respective layers are removed; and then 
transferring the semiconductor substrate in a dry state 
to the cany-in and carry-out mechanism. 
[0068] By perfonTiing the semiconductor substrate 
processing method as described above, processing in 
which a barrier layer, a power supply seed layer and a 
plated metal film are applied onto a semiconductor sub- 
strate having a groove and/or a hole for a wiring pattern 
formed on a surface thereof, the power supply seed lay- 
er and the plated metal film are polished and removed, 
and the semiconductor substrate is cleaned and dried 
to fomn interconnects, can be performed continuously. 
Thus, interconnects can be formed in a short processing 
time. 

[0069] In order to achieve the second object, a second 
aspect of the present invention is characterized by con- 
tinuously perfomiing the steps of: holding a substrate 
with a surface to be plated facing upward by holding 
means having a mechanism for holding an electroless 
plating treatment liquid on the substrate; supplying the 
electroless plating treatment liquid onto the surface, to 
be plated, of the substrate; and performing electroless 
plating treatment while storing and holding the electro- 
less plating treatment liquid on the surface, to be plated, 
of the substrate for a predetermined time. Thus, treat- 
ment of the surface to be plated can be performed using 
a smalt amount of the electroless plating treatment liq- 
uid, a pump of a small size can be used as a pump for 
supplying the electroless plating treatment liquid, the 
electroless plating apparatus can be made compact, 
and the cost for a clean room housing the electroless 
plating apparatus can be reduced. Since a small amount 
of the electroless plating treatment liquid is used, heat- 
ing and wamrith retention of the electroless plating treat- 
ment liquid are easy, and can be performed immediately. 
[0070] The present invention is characterized in that 
the step of bringing the electroless plating treatment liq- 
uid supplied onto the surface, to be plated, of the sub- 
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strata into contact with the surface, to be plated, of the 
substrate is provided between the step of supplying the 
electroless plating treatment liquid and the step of per- 
fonming electroless plating treatment while storing and 

5 holding the electroless plating treatment liquid on the 
surface, to be plated, of the substrate for a predeter- 
mined time. The step of bringing the electroless plating 
treatment liquid, which has been supplied onto part of 
the surface, to be plated, of the substrate, into contact 

10 with the entire surface to be plated comprises moving 
the substrate (namely, for example, rotating, vibrating, 
or swaying (rocking) the substrate supplied with the 
electroless plating treatment liquid), or moving the sup- 
plied electroless plating treatment liquid (e.g., raking the 

15 electroless plating treatment liquid using a raking mem- 
ber, or feeding air to the surface of the liquid). 
[0071] The present invention is characterized in that 
the step of perfomriing electroless plating treatment 
while storing and holding the electroless plating treat- 

20 ment liquid on the surface, to be plated, of the substrate 
for a predetermined time is perfomned In such a state 
that the substrate is in a stationary state. With this con- 
struction, heat dissipation due to the peripheral speed 
of the substrate does not take place, the reaction tem- 

25 perature of respective portions can be uniformized, and 
a stable process can be obtained, compared with a case 
in which the treatment is perfonned in such a state that 
the substrate is rotated. 

[0072] The present invention is characterized in that 
30 the plated surface after treatment with the electroless 
plating treatment liquid is cleaned by pouring a cleaning 
liquid, and is then spin-dried. 

[0073] According to the present invention, there is 
provided an electroless plating method for treating a sur- 

35 face, to be plated, of a substrate by bringing an electro- 
less plating treatment liquid in contact with the surface 
to be plated, characterized in that: the electroless plating 
treatment liquid is contacted with the surface, to be plat- 
ed, of the substrate in such a state that the substrate is 

40 heated to a temperature higher than electroless plating 
treatment temperature, and/or the electroless plating 
treatment liquid is contacted with the surface, to be plat- 
ed, of the substrate in such a state that the temperature 
of an atmosphere for perfomriing electroless plating is 

45 substantially equal to electroless plating treatment tem- 
perature. With this constitution, the temperature of the 
plating liquid requiring a great electric power consump- 
tion for heating need not be raised so much, and hence 
the electric power consumption can be decreased, and 

50 change of the composition of the plating liquid can be 
prevented. 

[0074] The present invention, comprising: holding 
means for holding a substrate with a surface thereof to 
be plated facing upward; a plating liquid holding mech- 
55 anism for sealing the periphery of the surface, to be plat- 
ed, of the substrate held by the holding means; and elec- 
troless plating treatment liquid supply means for supply- 
ing an electroless plating treatment liquid to. and storing 
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the electroless plating treatment liquid on, the surface, 
to be plated, of the substrate sealed with the plating liq- 
uid holding mechanism. This electroless plating appa- 
ratus can use a pretreatment liquid, a catalytic treatment 
liquid, an electroless plating liquid or the like as the elec- 
troless plating treatment liquid while switching any of 
these liquids, and can carry out a series of electroless 
plating steps in a single cell. 

[0075] The present invention, comprising: holding 
means for holding a substrate with a surface thereof to 
be plated facing upward; and electroless plating, treat- 
ment liquid supply means for supplying an electroless 
plating treatment liquid to the surface, to be plated, of 
the substrate; the electroless plating treatment liquid 
supply means being provided above the surface to be 
plated, and adapted to supply the electroless plating 
treatment liquid in a scattered state. Thus, the treatment 
liquid can be simultaneously supplied to the entire sur- 
face, to be plated, of the substrate substantially uniform- 
ly- 

[0076] The present invention is characterized in that 
heating means is provided close to the substrate. As the 
heating means, for example, a backside heater for heat- 
ing the surface to be plated from a lower surface side of 
the substrate is provided, or a lamp heater for heating 
the surface to be plated from an upper surface side of 
the substrate is provided. 

[0077] In order to achieve the third object, according 
to a third aspect of the present invention, there is pro- 
vided a substrate processing apparatus having sub- 
strate holding means for holding a substrate and adapt- 
ed to perform transportation or treatment of the sub- 
strate while holding the substrate by the substrate hold- 
ing means, characterized in that a sensor for detecting 
substrate surface state such as a metal film thickness, 
is provided in the substrate holding means, and the state 
of a substrate surface is detected based on a signal de- 
tected by the sensor during transportation or treatment 
of the substrate. Thus, the substrate surface state such 
as the metal film thickness of the substrate can be de- 
tected without stopping or intenrupting the substrate 
treatment process, and the substrate surface state can 
also be detected, while high throughput is actualized. 
[0078] According to the present invention, there is al- 
so provided a substrate processing apparatus having 
substrate holding means for holding a substrate and 
adapted to perform transportation or treatment of the 
substrate while holding the substrate by the substrate 
holding means, characterized in that a sensor for de- 
tecting substrate surface state is provided at a prede- 
temained position where the substrate makes an ap- 
proach during transportation or treatment of the sub- 
strate by the substrate holding means, and the state of 
a substrate surface is detected based on a signal de- 
tected by the sensor when the substrate approaches the 
sensor. The sensor is preferably movable, and it is de- 
sirable that the distance between the substrate and the 
sensor can be arbitrarily set according to the purpose of 



detection. 

[0079] According to the present invention, there is al- 
so provided a substrate processing apparatus having 
substrate holding means for holding a substrate and a 

5 substrate treatment module for treating the substrate, 
and adapted to cany the substrate, which has been held 
by the substrate holding means, into or out of the sub- 
strate treatment module, characterized in that a sensor 
for detecting substrate surface state is provided near a 

10 substrate carry-in and carry-out opening of the substrate 
treatment module, or near a position in the substrate 
treatment module where the substrate is treated, and 
the state of a substrate surface is detected based on a 
signal from the sensor when the substrate is carried into 

15 or carried out of the substrate treatment module, or 
when the substrate is treated in the substrate treatment 
module. 

[0080] The sensor is not limited to a sensor for meas- 
uring metal film thickness. As the sensor, other various 

20 sensors for detecting substrate surface state, such as a 
sensor for detection of an insulating film thickness (ox- 
ide film thickness), a sensor for detection of presence 
or absence of a metallic thin film, a sensor for detection 
of presence or absence of particles on a substrate, and 

25 a sensor for recognition of a pattern fomned on a sub- 
strate, may be used. 

Brief Description of Drawings 

30 [0081] 

FIGS. 1 A to 1 C are schematic views for fomning in- 
terconnects on a semiconductor substrate; 
FIG. 2 is a view showing a plan constitution example 

35 of a semiconductor substrate processing apparatus 
according to the present invention; 
FIG. 3 is a view showing a schematic constitution 
example of a polishing table and a top ring in the 
semiconductor substrate processing apparatus ac- 

40 cording to the present invention; 

FIG. 4 is a view showing a schematic constitution 
example of a cleaning machine in the semiconduc- 
tor substrate processing apparatus according to the 
present invention; 

45 FIG. 5 is a view showing a schematic constitution 
example of a cleaning machine of the polishing ta- 
ble in the semiconductor substrate processing ap- 
paratus according to the present invention; 
FIGS. 6A to 6C are views showing a robot in the 

50 semiconductor substrate processing apparatus ac- 
cording to the present invention, and FIG. 6A is a 
view showing an appearance, FIG. 6B is a plan view 
of a robot hand, and FIG. 6C is a cross-sectional 
view of the robot hand; 

55 FIG. 7 is a view showing a plan constitution of a plat- 
ed Cu film fomning unit in the semiconductor sub- 
strate processing apparatus according to the 
present invention; 
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FIG. 8 is a cross-sectional view taken along line A- 

A of FIG. 7; 

FIG. 9 is a view showing a sectional constitution of 
a substrate holding portion and a cathode portion 
of the plated Cu film forming unit In the semiconduc- s 
tor substrate processing apparatus according to the 
present invention; 

FIG. 1 0 is a view showing a sectional constitution 
of an electrode arm portion of the plated Cu film 
fomiing unit in the semiconductor substrate io 
processing apparatus according to the present in- 
vention; 

FIG. 11 Is a schematic view showing an anode and 
a plating liquid impregnated material according to 
another embodiment of the present invention; '5 
FIG. 12 is a schematic view showing an anode and 
a plating liquid impregnated material according to 
another embodiment of the present invention; 
FIG. 13 is a view showing a plan constitution exam- 
ple of the semiconductor substrate processing ap- 
paratus according to the present invention; 
FIG. 1 4 Is a view showing a plan constitution exam- 
ple of the semiconductor substrate processing ap- 
paratus according to the present invention; 
FIG. 1 5 is a view showing a plan constitution exam- 25 
pie of the semiconductor substrate processing ap- 
paratus according to the present invention; 
FIG. 1 6 is a view showing a plan constitution exam- 
ple of the semiconductor substrate processing ap- 
paratus according to the present invention; 
FIG. 1 7 Is a view showing a flow of the respective 
steps in the semiconductor substrate processing 
apparatus illustrated in FIG. 16; 
FIG. 18 is a view showing a schematic plan consti- 
tution example of an aligner and film thickness 35 
measuring instrument in the semiconductor sub- 
strate processing apparatus according to the 
present Invention; 

FIG. 1 9 is a view showing a side constitution exam- 
ple of the aligner and film thickness measuring in- ^0 
stmment of the semiconductor substrate process- 
ing apparatus according to the present invention; 
FIG. 20 is a view showing movement of a semicon- 
ductor substrate in the aligner and film thickness 
measuring instrument Illustrated in FIGS. 1 8 and 45 
19; 

FIG. 21 is a view showing a schematic constitution 
example of a bevel and backside cleaning unit in 
the semiconductor substrate processing apparatus 
according to the present Invention ; 
FIGS. 22A to 22D are views showing base plate 
constitution examples for placing respective units In 
the semiconductor substrate processing apparatus 
according to the present invention; 
FIGS. 23A and 23B are views showing schematic 55 
front constitution examples of the respective units 
in the semiconductor substrate processing appara- 
tus according to the present invention; 



FIGS. 24A and 24B are views showing schemalk: 
front constitution examples of the respective units 
in the semiconductor substrate processing appara- 
tus according to the present invention; 
FIG. 25 is a view showing a plan constitution exam- 
ple of the semiconductor substrate processing ap- 
paratus according to the present invention; 
FIGS. 26A to 26C are schematic views showing an 
example of a plating step; 
FIG. 27 is a view showing a schematic constitution 
of an electroless plating apparatus using an embod- 
iment of the present invention; 
FIG. 28 is a view showing a schematic constitution 
of an electroless plating apparatus using another 
embodiment of the present invention; 
FIGS. 29A and 29B are views showing the results 
of measurement of the film thicknesses of semicon- 
ductor substrates which are electroless-plated by 
the methods of the present invention and a conven- 
tional example; 

FIG. 30 is a plan view showing an example of a plat- 
ing apparatus to which the present invention is ap- 
plied; 

FIG. 31 is a plan view showing an example of a CMP 
apparatus to which the present invention is applied; 
FIG. 32 is a view showing an example of a plating 
and CMP apparatus to which the present invention 
is applied; 

FIG. 33 is a perspective view showing a transfer ro- 
bot; 

FIGS. 34A and 34B are views showing a robot hand 
attached to the transfer robot, and FIG. 34A is a plan 
view and FIG. 34B is a side sectional view; 
FIGS. 35A and 35B are views showing a transfer 
robot to which the present invention Is applied, and 
FIG. 35A is a schematic plan view and FIG. 35B is 
a schematic side view; 

FIGS. 36A and 36B are views showing an example 
to which the present invention is applied, and FIG. 
36A is a schematic plan view and FIG. 36B is a 
schematic side view; 

FIG. 37 is a schematfe front view of the neighbor- 
hood of a reversing machine to which the present 
invention is applied; 

FIG. 38 is a plan view of a reversing arm portion; 
FIG. 39 is a sectional view of an essential part of a 
plating module to which the present Invention Is ap- 
plied; 

FIG. 40 is a view showing a state in which a seed 
layer and a barrier layer have remained in a bevel 
portion as a result of CMP perfonned without bevel 
etching process of a semiconductor substrate; 
FIG. 41 is a view showing a schematic constitution 
of a conventional electroless plating apparatus; 
FIG. 42 is a view showing a schematic constitution 
of an electroplating apparatus according to the 
present invention; 

FIG. 43 is a view showing a schematic constitution 
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of an electroplating apparatus according to the 
present invention; 

FIG. 44 is a view showing a schematic constitution 
of an electroplating apparatus according to the 
present invention; 

FIG. 45 is a plan view of a state in which a housing 
has been removed from an electrode portion of the 
electrode arm shown in FIG. 10; 
FIG. 46 is a plan view schematically showing a state 
in which a plating liquid is spreading throughout the 
surface, to be plated, of a substrate when plating is 
perfomned using the plated Cu film fonming unit il- 
lustrated in FIG. 10; 

FIGS. 47A and 47B are views of different modifica- 
tions of FIG. 46, each schematically showing a state 
In which a plating liquid Is spreading throughout the 
surface, to be plated, of the substrate; 
FIG. 48 Is a view showing a schematic constitution 
of an electroplating apparatus to which an embod- 
iment of the present invention is applied; 
FIG. 49 is a schematic view of an essential part 
showing a portion close to an outer peripheral por- 
tion of a plating liquid impregnated material in the 
electroplating apparatus; 

FIGS. 50A and 50B are views showing other em- 
bodiments of the present Invention; and 
FIG. 51 is an electrical equivalent circuit of an elec- 
trolytic treatment apparatus applied to the electro- 
plating apparatus of the present invention. 

Best Mode for Carrying Out the Invention 

[0082] A first aspect of the present invention will now 
be described with reference to FIGS. 2 to 25 and FIGS. 
42 to 51 . FIG. 2 is a view showing the plan constitution 
of a semiconductor substrate processing apparatus ac- 
cording to the first aspect of the present invention. The 
semiconductor substrate processing apparatus of the 
present invention is of a constitution in which there are 
provided a loading and unloading section 1 , a plated Cu 
film fomiing unit 2, a first robot 3, a third cleaning ma- 
chine 4, a reversing machine 5, a reversing machine 6, 
a second cleaning machine 7, a second robot 8, a first 
cleaning machine 9, a first polishing apparatus 10, and 
a second polishing apparatus 11. A before-plating and 
after-plating film thickness measuring Instrument 12 for 
measuring the film thicknesses before and after plating, 
and a dry state film thickness measuring instrument 13 
for measuring the film thickness of a semiconductor sub- 
strate W in a dry state after polishing are placed near 
the first robot 3. 

[0083] The before-plating and after-plating film thick- 
ness measuring instrument 12, and the dry state film 
thickness measuring instrument 13, especially the dry 
state film thickness measuring instrument 13, may be 
provided on a hand of the first robot 3, as will be de- 
scribed later on. The before-plating and after-plating film 
thickness measuring instrument 12 may be provided at 
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a semteonductor substrate carry-in and carry-out open- 
ing of the plated Cu film fonming unit 2, although this is 
not shown, so as to measure the film thickness of the 
semiconductorsubstrate Wcan-ied in, and the film thick- 

5 ness of the semiconductor substrate W carried out. 
[0084] The first polishing apparatus (polishing unit) 1 0 
has a polishing table 10-1, a top ring 10-2. a top ring 
head 10-3, a film thickness measuring instrument 10-4, 
and a pusher 10-5. The second polishing apparatus 

10 (polishing unit) 1 1 has a polishing table 1 1 -1 , a top ring 
11-2, a top ring head 11-3, a film thickness measuring 
instrument 11-4, and a pusher 11-5. 
[0085] A cassette 1-1 accommodating the semicon- 
ductor substrates W, in which a via hole 1 03 and a trench 

15 1 04 for interconnect are fonned, and a seed layer 1 07 
is fomned thereon as shown in FIG. 1 A, is placed on a 
loading port of the loading and unloading section 1 . The 
first robot 3 takes out the semk:onductor substrate W 
from the cassette 1-1, and carries the semiconductor 

20 substrate W Into the plated Cu film forming unit 2 where 
a plated Cu film 1 06 is formed. At this time, the film thick- 
ness of the seed layer 107 Is measured with the before- 
plating and after-plating film thickness measuring instru- 
ment 12. The plated Cu film 106 is fonned by carrying 

25 out hydrophilic treatment of the face of the semiconduc- 
tor substrate W, and then Cu plating. After fonnation of 
the plated Cu film 106, rinsing or cleaning of the semi- 
conductor substrate W is earned out In the plated Cu 
film forming unit 2. If there is time to spare, drying of the 

30 semiconductor substrate W may be performed. Consti- 
tution examples and operations of the plated Cu film 
forming unit 2 will be described in detail later on. 
[0086] When the semiconductor substrate W is taken 
out from the plated Cu film forming unit 2 by the first 

35 robot 3, the film thickness of the plated Cu film 1 06 is 
measured with the before-plating and after-plating film 
thickness measuring instrument 12. The method of 
measurement is the same as for the seed layer 1 07. The 
results of its measurement are recorded Into a recording 

40 device (not shown) as record data on the semiconductor 
substrate, and are used for judgment of an abnonnality 
of the plated Cu film fonning unit 2. After measurement 
of the film thickness, the first robot 3 transfers the sem- 
iconductor substrate W to the reversing machine 5, and 

45 the reversing machine 5 reverses the semiconductor 
substrate W (the surface on which the plated Cu film 
1 06 has been formed faces downward). The first polish- 
ing apparatus 10 and the second polishing apparatus 
11 perfonm polishing in a serial mode and a parallel 

50 mode. Next, polishing in the serial mode and the parallel 
mode will be described. 

[Serial mode polishing] 

55 [0087] In the serial mode polishing, a primary polish- 
ing is perfonned by the polishing apparatus 10, and a 
secondary polishing is performed by the polishing ap- 
paratus 11 . The second robot 8 pteks up the semicon- 
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ductor substrate W on the reversing machine 5, and 
places the semiconductor substrate W on the pusher 
10-5 of the polishing apparatus 10. The top ring 10-2 
attracts the semiconductor substrate W on the pusher 
10-5 by suction, and brings the surface of the plated Cu 
film 106 of the semiconductor substrate W into contact 
with a polishing surface 1 0-1 a of the polishing table 1 0-1 
under pressure to perform a primary polishing. With the 
primary polishing, the plated Cu film 1 06 is basically pol- 
ished. The polishing surface 10-1a of the polishing table 
10-1 Is composed of foamed polyurethane such as 
IC1 000, or a material having abrasive grains fixed there- 
to or impregnated therein. Upon relative movements of 
the polishing surface 1 0-1 a and the semiconductor sub- 
strate W, the plated Cu film 106 is polished. 
[0088] Silica, alumina, ceria, on the like is used as 
abrasive grains for performing polishing of the plated Cu 
film 106, or as a slurry ejected from a slurry nozzle 10-6. 
A mainly acidic material for oxidizing Cu, such as hydro- 
gen peroxide, is used as an oxidizing agent. A temper- 
ature controlled fluid piping 28 for passing a I iquid whose 
temperature is adjusted to a predetermined value is con- 
nected to the interior of the polishing table 1 0-1 in order 
to maintain the temperature of the polishing table 10-1 
at a predetermined value. A temperature regulator 10-7 
is provided on the slurry nozzle 1 0-6 in order to maintain 
the temperature of the slurry at a predetemnined value. 
Water or the like used for dressing is also controlled in 
temperature, although this is not shown. In this manner, 
temperature of the polishing table 1 0-1 , the temperature 
of the slurry, and the temperature of water or the like 
used for dressing are maintained at predetemriined val- 
ues, whereby the chemical reaction rate is kept con- 
stant. Particulariy for the polishing table 10-1 , ceramics 
with high themnal conductivity, such as alumina or SiC, 
are used. 

[0089] An eddy cun-ent film thickness measuring in- 
strument 1 0-8 or an optical film thickness measuring in- 
strument 10-9 provided in the polishing table 10-1 is 
used for detection of an end point of the primary polish- 
ing. Film thickness measurement of the plated Cu film 
106, or surface detection of the barrier layer 5 is per- 
fomned, and when the film thickness of the plated Cu 
film 1 06 reaches zero or when the surface of the barrier 
layer 5 is detected, polishing is judged to have reached 
its end point. 

[0090] After completion of polishing of the plated Cu 
film 1 06, the semiconductor substrate W is returned on- 
to the p usher 1 0-5 by the top ring 1 0-2. The second robot 
8 picks up the semiconductor substrate W, and introduc- 
es it into the first cleaning machine 9. At this time, a 
chemical liquid may be ejected toward the face and 
backside of the semiconductor substrate W on the push- 
er 10-5 to remove particles therefrom or cause particles 
to be difficult to adhere thereto. 
[0091] FIG. 4 is a schematic view showing the first 
cleaning machine. In the first cleaning machine 9, the 
face and the backside of the semiconductor substrate 
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W are scrubbed with PVA sponge rolls 9-2, 9-2. As 
cleaning water ejected from nozzles 9-4, pure water is 
mainly used, but there may be used a surface active 
agent, or a chelating agent, or a mixture of both which 

5 has been adjusted in pH and confonned to the zeta po- 
tential of copper oxide. The nozzle 9-4 may also be pro- 
vided with an ultrasonic vibration element 9-3 for apply- 
ing ultrasonic vibrations to the cleaning water to be 
ejected. The reference numeral 9-1 is a rotating roller 

10 for rotating the semiconductor substrate W in a horizon- 
tal plane. 

[0092] After completion of cleaning in the first clean- 
ing machine 9, the second robot 8 picks up the semi- 
conductor substrate W, and places the semiconductor 

15 substrate W on the pusher 1 1 -5 of the second polishing 
apparatus 11 . The top ring 11-2 attracts the semicon- 
ductor substrate W on the pusher 11-5 by suction, and 
brings the surface of the semiconductor substrate W, 
which has the banner layer 1 05 f onmed thereon, into con- 

20 tact with a polishing surface of the polishing table 11-1 
under pressure to perfomn the secondary polishing. The 
constitution of the polishing table 11-1 and the top ring 
11-2 is the same as the constitution shown in FIG. 3. 
With this secondary polishing, the barrier layer 105 is 

25 polished. However, there may be a case In which a Cu 
film and an oxide film left after the primary polishing are 
also polished. 

[0093] A polishing surface 11 -la of the polishing table 
11-1 is composed of foamed polyurethane such as 

30 IC1 000, or a material having abrasive grains fixed there- 
to or impregnated therein. Upon relative movements of 
the polishing surface 1 1 -1 a and the semiconductor sub- 
strate W, polishing is earned out. At this time, silica, alu- 
mina, ceria, on the like is used as abrasive grains or a 

35 slurry. A chemical liquid Is adjusted depending on the 
type of the film to be polished. 
[0094] Detection of an end point of the secondary pol- 
ishing is performed by measuring the film thtekness of 
the barrier layer 1 05 mainly with the use of the optical 

40 film thickness measuring instrument 1 0-9 shown in FIG. 
3, and detecting the film thickness which has become 
zero, or the surface of an insulating film 1 02 comprising 
SiOg. Furthenmore, a film thickness measuring instru- 
ment with an image processing function is used as the 

45 film thickness measuring instrument 11-4 provided near 
the polishing table 11-1. By use of this measuring instru- 
ment, measurement of the oxide film is made, the results 
are stored as processing records of the semiconductor 
substrate W, and used forjudging whether the semicon- 

50 ductor substrate W in which secondary polishing has 
been finished can be transfen-ed to a subsequent step 
or not. If the end point of the secondary polishing is not 
reached, repolishing is perfomied. If over-polishing has 
been perfomied beyond a prescribed value due to any 

55 abnormality, then the semiconductor substrate process- 
ing apparatus Is stopped to avoid next polishing so that 
defective products will not increase. 
[0095] After completion of the secondary polishing, 
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the semiconductor substrate W is moved to the pusher 
11-5 by the top ring 11-2. The second robot 8 picl<s up 
the semiconductor substrate W on the pusher 11-5. At 
this time, a chemical liquid may be ejected toward the 
face and backside of the semiconductor substrate W on 
the pusher 1 1 -5 to remove particles therefrom or cause 
particles to be difficult to adhere thereto. 
[0096] The second robot 8 carries the semiconductor 
substrate W Into the second cleaning machine 7 where 
cleaning of the semiconductor substrate W is per- 
fomried. The constitution of the second cleaning ma- 
chine 7 Is also the same as the constitution of the first 
cleaning machine 9 shown in FIG. 4. The face of the 
semiconductor substrate W Is scrubbed with the PVA 
sponge rolls 9-2 using a cleaning liquid comprising pure 
water to which a surface active agent, a chelating agent, 
or a pH regulating agent is added. A strong chemical 
liquid such as DHF is ejected from a nozzle 9-5 toward 
the backside of the semiconductor substrate W to per> 
fomn etching of the diffused Cu thereon. If there is no 
problem of diffusion, scrubbing cleaning is perfonned 
with the PVA sponge rolls 9-2 using the same chemical 
liquid as that used tor the face. 
[0097] After completion of the above cleaning, the 
second robot 8 picks up the semiconductor substrate W 
and transfers it to the reversing machine 6, and the re- 
versing machine 6 reverses the semiconductor sub- 
strate W. The semiconductor substrate W which has 
been reversed is picked up by the first robot 3, and trans- 
ferred to the third cleaning machine 4. In the third clean- 
ing machine 4, megasonic water excited by ultrasonic 
vibrations is ejected toward the face of the semiconduc- 
tor substrate W to clean the semiconductor substrate W. 
At this time, the face of the semiconductor substrate W 
may be cleaned with a known pencil type sponge using 
a cleaning liquid comprising pure water to which a sur- 
face active agent, a chelating agent, or a pH regulating 
agent is added. Thereafter, the semiconductor substrate 
W is dried by spin-drying. 

[0098] As described above, if the film thickness has 
been measured with the film thickness measuring in- 
strument 11-4 provided near the polishing table 11-1. 
then the semiconductor substrate W is not subjected to 
further process and is accommodated Into the cassette 
placed on the unloading port of the loading and unload- 
ing section 1 . 

[0099] When multilayer film measurement is to be 
made, measurement in a dry state needs to be per- 
fornied. Thus, the semiconductor substrate W is once 
introduced into the film thickness measuring instrument 
13 for measurement of each film thickness. In the film 
thickness measuring instrument 13, the results are 
stored as processing records of the semiconductor sub- 
strate W. or a judgment as to whether the semiconductor 
substrate W can be brought to a next step or not is made. 
If the end point of polishing is not reached, feedback is 
given for the semiconductor substrate W to be proc- 
essed subsequently. If over-polishing has been per- 
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formed beyond a prescribed value due to any abnormal- 
ity, the apparatus is stopped to avoid next polishing so 
that defective products will not increase. 

5 [Parallel mode polishing] 

[0100] In the parallel mode polishing, the semicon- 
ductor substrates W having the plated Cu film 106 
fomied by the plated Cu film forming unit 2 are polished 
10 in parallel by the polishing apparatuses 10. 11. The sec- 
ond robot 8 picks up the semiconductor substrate W 
which has been reversed by the reversing machine 5 as 
stated above, and places the semiconductor substrate 
W on the pusher 1 0-5 or 1 1 -5. The top ring 1 0-2 or 1 1 -2 
15 attracts the semiconductor substrate W by suction, and 
brings the surface of the plated Cu film 106 of the sem- 
iconductor substrate W into contact with the polishing 
surface of the polishing table 10-1 or 11-1 under pres- 
sure to perform a primary polishing. The polishing sur- 
face 10-1 a or 11 -la of the polishing table 10-1 or 11-1 
is composed of foamed polyurethane such as IC1000, 
or a material having abrasive grains fixed thereto or im- 
pregnated therein, as stated above. Upon relative 
movements of the polishing surface and the semicon- 
ductor substrate W, polishing is perfomned. 
[0101] Silica, alumina, ceria, on the like is used as 
abrasive grains or a slurry. A mainly acidic material for 
oxidizing Cu, such as hydrogen peroxide, is used as an 
oxidizing agent. The polishing tables 1 0-1 and 11-1, and 
the slurry or water or the like used for dressing are con- 
trolled in temperature as stated above to keep the chem- 
ical reaction rate constant- Particularly for the polishing 
tables 10-1 and 11-1, ceramics with high thermal con- 
ductivity, such as alumina or SIC, are used. 
[0102] Polishing in the polishing table 10-1 or 11-1 is 
perfonned by a plurality of steps. In the first step, the 
plated Cu film 1 06 is polished. A main purpose of this 
polishing is the removal of the difference in level on the 
surface of the plated Cu film 106, and a slurry having 
excellent level difference characteristics is used. For ex- 
ample, a slurry capable of reducing an initial level differ- 
ence of 700 nm in a 1 00 \im line to 20 nm or less is used. 
At this time, as the second step, the pressing load for 
pressing the semiconductor substrate W is made a half 
or less of that in the first step, and the polishing condi- 
tions for improving the level difference characteristics 
are added. For detection of the end point in the second 
step, the eddy current type measuring machine 10-8 
shown in FIG. 3 is used when 500 nm of the plated Cu 
film 106 is to be left. In the case where 500 nm or less 
is to be left or polishing Is to be performed up to the sur- 
face of the barrier layer 105, an optical film thickness 
measuring instrument 10-9 is used. 
[0103] After polishing of the Cu layers, i.e. the plated 
Cu film 1 06 and the seed layer 1 07, is completed, pol- 
ishing of the barrier layer 1 05 is performed. If the bamer 
layer 105 cannot be polished usually with the initially 
used slurry, its composition needs to be changed. Thus, 
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when the second step is completed, the slurry, which 
has remained on the polishing surface of the polishing 
table 10-1 or 11-1 and has been used in the first and 
second steps, is removed by a water polish, a water jet. 
an atomizer having a mixture of pure water and a gas. 
or a dresser Then, the procedure goes to the next step. 
[0104] FIG. 5 is a view showing the constitution of a 
cleaning mechanism for cleaning the polishing surface 
10-1 a of the polishing table 10-1 . As illustrated, a plu- 
rality of (four in the drawing) mixing nozzles 10-11 a to 
10-1 Id for mixing pure water and a nitrogen gas and 
ejecting the mixture are disposed above the polishing 
table 1 0-1 . Each of the mixing nozzles 1 0- 1 1 a to 1 0-1 1 d 
is supplied with a nitrogen gas whose pressure has been 
controlled by a regulator 1 6 from a nitrogen gas supply 
source 14 through an air operator valve 18, and is also 
supplied with pure water whose pressure has been con- 
trolled by a regulator 1 7 from a pure water supply source 
15 through an air operator valve 19. 
[0105] The mixed gas and liquid undergo changes in 
parameters, such as the pressure and temperature of 
the liquid and/or gas and the nozzle shape, by the noz- 
zles. The liquid to be supplied is transfonmed by nozzle 
jetting as follows:® formation of liquid fine particles. 
(D formation of solid fine particles upon solidification of 
the liquid,® gasification of the liquid upon evaporation 
(hereinafter,® ,@ ,® are called atomlzatlon). A mix- 
ture of a liquid-based component and a gas component 
is jetted, with predetermined directional properties, to- 
ward the polishing surface of the polishing table 10-1. 
[0106] When the polishing surface 10-1 a is to be re- 
generated (dressed) upon relative movements of the 
polishing surface 1 0-1 a and the dresser 1 0-1 0, a mixed 
fluid of pure water and a nitrogen gas is ejected from the 
mixing nozzles 10-11a to 11-11d toward the polishing 
surface 10-1 a to clean it. The pressure of the nitrogen 
gas and the pressure of pure water can be set independ- 
ently. In the present embodiment, manually driven reg- 
ulators are used along with a pure water line and a ni- 
trogen line, but regulators whose setting pressures can 
be changed based on external signals may be used. As 
a result of cleaning of the polishing surface 10-1 a using 
the above-described cleaning mechanism, the slurry re- 
maining on the polishing surface in the first polishing 
step and the second polishing step could be removed 
by performing cleaning for 5 to 20 seconds. A cleaning 
mechanism of the same constitution as that shown in 
FIG. 5 is provided for cleaning the polishing surface 
IMa of the polishing table 11-1. although this is not 
shown. 

[0107] As the abrasive grains used in the slurry for 
polishing of the barrier layer 105 in the third step, it is 
desirable to use the same abrasive grains as those for 
polishing of the plated Cu film 106. Moreover, the pH 
value of the chemical liquid is either on the acid side or 
on the alkali side, and the preferable conditions are to 
prevent formation of a mixture on the polishing surface. 
In both cases, the same particles of silica were used. 



and both of the chemical liquid with alkalinity and the 
chemical liquid with acidity, as the pH value of the chem- 
ical liquid, obtained good results. 
[0108] For detection of the end point in the third step, 
5 the optical film thickness measuring instrument 10-9 
shown in FIG. 3 is used to detect mainly the film thick- 
ness of the SiOg oxide film and the remainder of the bar- 
rier layer 105 and send signals. Furthermore, a film 
thickness measuring instrument with an image process- 
10 Ing function is used as the film thickness measuring in- 
strument 1 0-4 or 11 -4 which is provided near the polish- 
ing tables 10-1 and 11-1 . By using of this measuring in- 
strument, measurement of the oxide film is made, the 
results are stored as processing records of the semicon- 
15 ductor substrates W, and used for judging whether the 
semiconductor substrate W can be transferred to a sub- 
sequent step or not. If the end point of polishing in the 
third step is not reached, repolishing is perfomned. If 
over-polishing has been perfomned beyond a prescribed 
20 value owing to any abnormality, the semiconductor sub- 
strate processing apparatus is stopped to avoid next 
polishing so that defective products will not increase. 
[0109] After completion of the third step, the semicon- 
ductor substrate W is moved to the pusher 1 0-5 or 1 1 -5 
25 by the top ring 1 0-2 or 1 1 -2, and placed on the pusher 
1 0-5 or 1 1 -5. The second robot 8 picks up the semteon- 
ductor substrate W on the pusher 10-5 or 11-5. At this 
lime, a chemical liquid may be ejected toward the face 
and backside of the semiconductor substrate W on the 
30 pusher 10-5 or 11-5 to remove particles therefrom or 
cause particles to be difficult to adhere thereto. 
[01 1 0] The second robot 8 carries the semiconductor 
substrate W into the second cleaning machine 7 or the 
first cleaning machine 9 where cleaning of the semicon- 
35 ductor substrate W is performed. The face of the semi- 
conductor substrate W is scrubbed with PVA sponge 
rolls using a cleaning liquid comprising pure water to 
which a surface active agent, a chelating agent, or a pH 
regulating agent is added. A strong chemical liquid such 
40 as DHF is ejected from a nozzle 3-5 toward the backside 
of the semiconductor substrate W to perfonn etching of 
the diffused Cu thereon. If there is no problem of diffu- 
sion, scrubbing cleaning is performed with PVA sponge 
rolls using the same chemical liquid as that for the face. 
45 [0111] After completion of the above cleaning, the 
second robot 8 picks up the semiconductor substrate W 
and transfers it to the reversing machine 6, and the re- 
versing machine 6 reverses the semiconductor sub- 
strate W. The semiconductor substrate W which has 
50 been reversed is picked up by the first robot 3, and trans- 
ferred to the third cleaning machine 4. In the third clean- 
ing machine 4, megasonic water excited by ultrasonic 
vibrations is ejected toward the face of the semiconduc- 
tor substrate W to perform cleaning. At this time, the face 
55 may be cleaned with a known pencil type sponge using 
a cleaning liquid comprising pure water to which a sur- 
face active agent, a chelating agent, or a pH regulating 
agent is added. After cleaning, the semiconductor sub- 



16 



EP001174Jl2A1[hJtp:/^^^^^^ 



Page1_7_of 98 



29 



EP1 174 912 A1 



30 



strate W is dried by spin-drying, and then the semicon- 
ductor substrate W is picl<ed up by the first robot 3. 
[01 1 21 If the film thickness has been measured with 
the film thicl<ness measuring instrument 10-4 or 11-4 
provided near the polishing table 10-1 or 1M as de- 
scribed above, then the semiconductor substrate W is 
not subjected to no further process and is accommodat- 
ed into the cassette 1 -1 placed on the unloading port of 
the loading and unloading section 1 . 
[0113] When multilayer film measurement is to be 
made, measurement in a dry state needs to be per- 
formed. Thus, the semiconductor substrate W is once 
introduced into the film thickness measuring instrument 
13 for measurement of each film thickness. In the film 
thickness measuring instrument 13, the results are 
stored as processing records of the semiconductor sub- 
strate W, or ajudgment as to whether the semiconductor 
substrate W can be transferred to a next step or not is 
made. If the end point of polishing is not reached, feed- 
back is given for the semiconductor substrate W to be 
processed subsequently. If over-polishing has been per- 
formed beyond a prescribed value owing to any abnor- 
mality, the apparatus is stopped to avoid next polishing 
so that defective products will not increase. 
[01141 FIGS. 6A to 6C are views showing a constitu- 
tion example of the first robot 3 and the dry state film 
thickness measuring instrument 13 provided on the 
hand of the robot. FIG. 6A Is a view showing the appear- 
ance of the first robot, and FIGS. 6B and 6C are a plan 
view and a sectional view of the robot hand, respective- 
ly. As illustrated, the first robot 3 has two hands 3-1 , 3-1 
at upper and lower sides, and the hands 3-1, 3-1 are 
attached to front ends of amis 3-2, 3-2, respectively, so 
as to be swingably movable. The hands 3-1, 3-1 can 
scoop up the semiconductor substrate W (drop the sem- 
iconductor substrate W into the respective recesses) 
and transfer it to a predetermined location. 
[01151 A plurality of (four in the drawing) eddy current 
sensors 13a constituting the dry state film thickness 
measuring instrument 13 are provided in a recessed 
surface of the hand 3-1 for the semiconductor substrate 
W, and can measure the film thtekness of the semicon- 
ductor substrate W placed thereon. 
[0116] FIGS. 7 to 10 and FIG. 45 are views showing 
a constitution example of the plated Cu film forming unit 
2. FIG. 7 is a view showing a plan constitution of the 
plated Cu film fonning unit. FIG. 8 is a sectional view 
taken along line A-A of FIG. 7, FIG. 9 is an enlarged 
sectional view of a substrate holding portion and a cath- 
ode portion, FIG. 1 0is a sectional view of an electrode 
arm portion, and FIG. 45 is a plan view of a state in which 
a housing has been removed from the electrode arm 
portion shown in FIG. 1 0. The plated Cu film fomiing unit 
2, as shown in FIG. 7. is provided with a substrate treat- 
ment section 2-1 for perfomning plating treatment and 
its attendant treatment, and a plating liquid tray 2-2 for 
storing a plating liquid is disposed adjacent to the sub- 
strate treatment section 2-1. There is also provided an 



electrode arm portion 2-6 having an electrode portion 
2-5 which is held at the front end of an amn 2-4 swingable 
about a rotating shaft 2-3 and which is swung between 
the substrate treatment section 2-1 and the plating liquid 
5 tray 2-2. 

[0117] Furthemiore, a precoating and recovery arm 
2-7, and fixed nozzles 2-8 for ejecting pure water or a 
chemical liquid such as ion water, and further a gas or 
the like toward a semiconductor substrate are disposed 
10 laterally of the substrate treatment section 2-1 . In this 
case, three of the fixed nozzles 2-8 are disposed, and 
one of them is used for supplying pure water. The sub- 
strate treatment section 2-1 , as shown in FIGS. 8 and 
9, has a substrate holding portion 2-9 for holding a sem- 
15 teonductor substrate W with its surface to be plated fac- 
ing upward, and a cathode portion 2-10 located above 
the substrate holding portion 2-9 so as to surround a 
peripheral portion of the substrate holding portion 2-9. 
Further, a substantially cylindrical bottomed cup 2-11 
20 sun-ounding the periphery of the substrate holding por- 
tion 2-9 for preventing scatter of various chemical liquids 
used during treatment is provided so as to be vertically 
movable by an air cylinder 2-12. 
[01 1 81 The substrate holding portion 2-9 is adapted to 
25 be raised and lowered by the air cylinder 2-1 2 between 
a lower substrate transfer position A, an upper plating 
position B, and a pretreatment and cleaning position C 
intermediate between these positions. The substrate 
holding portion 2-9 is also adapted to rotate at an arbi- 
30 trary acceleration and an arbitrary velocity integrally with 
the cathode portion 2-1 0 by a rotating motor 2-14 and a 
belt 2-15. A substrate carry-in and cany-out opening 
(not shown) is provided in confrontation with the sub- 
strate transfer position A in a frame side surface of the 
35 plated Cu film forming unit 2 facing the first robot 3. 
When the substrate holding portion 2-9 is raised to the 
plating position B, a seal member 2-1 6 and a cathode 
electrode 2-17 (to be described below) of the cathode 
portion 2-10 are brought into contact with the peripheral 
40 edge portion of the semiconductor substrate W held by 
the substrate holding portion 2-9. On the other hand, the 
cup 2-11 has an upper end located below the substrate 
carry-in and cany-out opening, and when the cup 2-11 
ascends, the upper end of the cup 2-1 1 reaches a posi- 
45 tion above the cathode portion 2-1 0, as shown by imag- 
inary lines in FIG. 9. 

[0119] When the substrate holding portion 2-9 has as- 
cended to the plating position B, the cathode electrode 
2-17 is pressed against the peripheral edge portion of 
50 the semiconductor substrate W held by the substrate 
holding portion 2-9 for thereby allowing electric current 
to pass through the semiconductor substrate W. At the 
same time, an inner peripheral end portion of the seal 
member 2-1 6 is brought into contact with an upper sur- 
55 face of the peripheral edge of the semiconductor sub- 
strate W under pressure to seal its contact portion in a 
watertight manner. As a result, the plating liquid supplied 
onto the upper surface of the semiconductor substrate 



17 



EP0011749J2A1 [http_;/Aw^ PageJ,8gf?8 



31 EP 1 174 912 A1 32 



W is prevented from seeping from the end portion of the 
semiconductor substrate W, and the plating liquid Is pre- 
vented from contaminating the cathode electrode 2-17. 
[01 20] As shown in FIGS. 1 0 and 45, an electrode por- 
tion 2-5 of the electrode arm portion 2-6 has a housing s 
2'^ 8 at a free end of a swing anm 2-4. a hollow support 
frame 2-1 9 surrounding the housing 2-1 8, and an anode 
2-20 fixed by holding the peripheral edge portion of the 
anode 2-20 between the housing 2-18 and the support 
frame 2-19. The anode 2-20 covers an opening portion 
of the housing 2-18, and a suction chamber 2-21 is 
fomied inside the housing 2-18. A plating liquid Intro- 
duction pipe 2-28 and a plating liquid discharge pipe (not 
shown) for Introducing and discharging the plating liquid 
are connected to the suction chamber 2-21 . Further, 
many passage holes 2-20b communicating with regions 
above and below the anode 2-20 are provided over the 
entire surface of the anode 2-20. 
[0121] In this embodiment, a plating liquid impregnat- 
ed material 2-22 comprising a water retaining material 
and covering the entire surface of the anode 2-20 is at- 
tached to the lower surface of the anode 2-20. The plat- 
ing liquid impregnated material 2-22 is impregnated with 
the plating liquid to wet the surface of the anode 2-20, 
thereby preventing a blacl< film from falling onto the plat- 
ed surface of the substrate, and simultaneously facilitat- 
ing escape of air to the outside when the plating liquid 
is poured between the surface, to be plated, of the sub- 
strate and the anode 2-20. The plating liquid impregnat- 
ed material 2-22 comprises, for example, a woven fab- 
ric, nonwoven fabric, or sponge-like structure compris- 
ing at least one material of polyethylene, polypropylene, 
polyester, polyvinyl chloride, Teflon, polyvinyl alcohol, 
polyurethane, and derivatives of these materials, or 
comprises a porous ceramics. 
[0122] Attachment of the plating liquid impregnated 
material 2-22 to the anode 2-20 is performed In the fol- 
lowing manner: That is, many fixing pins 2-25 each hav- 
ing a head portion at the lower end are arranged such 
that the head portion Is provided in the plating liquid im- 
pregnated material 2-22 so as not to be releasable up- 
ward and a shaft portion of the fixing pin pierces the in- 
terior of the anode 2-20, and the fixing pins 2-25 are 
urged upward by U-shaped leaf springs 2-26, whereby 
the plating liquid impregnated material 2-22 is brought 
In close contact with the lower surface of the anode 2-20 
by the resilient force of the leaf springs 2-26 and is at- 
tached to the anode 2-20. With this arrangement, even 
when the thickness of the anode 2-20 gradually de- 
creases with the progress of plating, the plating liquid 
impregnated material 2-22 can be reliably brought in 
close contact with the lower surface of the anode 2-20. 
Thus, it can be prevented that air enters between the 
lower surface of the anode 2-20 and the plating liquid 
impregnated material 2-22 to cause poor plating. 
[0123] Incidentally, cylindrical pins made of PVC (pol- 
yvinyl chloride) or PET (polyethylene terephlhalate) and 
having a diameter of, for example, about 2 mm may be 



arranged from the upper surface side of the anode so 
as to pierce the anode, and an adhesive may be applied 
to the front end surface of each of the pins projecting 
from the lower surface of the anode to fix the anode to 
the plating liquid impregnated material. The anode and 
the plating liquid impregnated material may be used in 
contact with each other, but It is also possible to provide 
a gap between the anode and the plating liquid impreg- 
nated material, and perfomi plating treatment while 
holding the plating liquid in the gap. This gap is selected 
from a range of 20 mm or less, but is selected from a 
range of preferably 0.1 to 10 mm, and more preferably 
1 to 7 mm. Particularly, when a soluble anode is used, 
the anode is dissolved from its lower portion. Thus, as 
time passes, the gap between the anode and the plating 
liquid impregnated material enlarges and forms a gap 
in the range of 0 to about 20 mm. 
[0124] The electrode portion 2-5 descends to such a 
degree that when the substrate holding portion 2-9 is 
located at the plating position B (see FIG. 9), the gap 
between the substrate W held by the substrate holding 
portion 2-9 and the plating liquid impregnated material 
2-22 reaches about 0.1 to 10 mm, preferably 0.3 to 3 
mm, and more preferably about 0.5 to 1 mm. In this 
state, the plating liquid is supplied from a plating liquid 
supply pipe to be filled between the upper surface (sur- 
face to be plated) of the substrate W and the anode 2-20 
while the plating liquid impregnated material 2-22 is im- 
pregnated with the plating liquid. Thus, the surface of 
the substrate W is plated. 

[01 25] The semiconductor substrate W to be plated is 

can-led into the substrate holding portion 2-9 located at 
the substrate transfer position A by the hand 3-1 of the 
first robot 3 (see FIG. 6A), and placed on the substrate 
holding portion 2-9. Then, the cup 2-11 is raised, and 
the substrate holding portion 2-9 is simultaneously 
raised to the pretreatment and cleaning position C. In 
this state, the precoating and recovery arm 2-7 located 
at a retreat position is moved to a position opposite to 
the semiconductor substrate W. and a precoating liquid 
comprising, for example, a surface active agent is sup- 
plied intermittently toward the surface, to be plated, of 
the semiconductor substrate W from a precoating noz- 
zle provided at the front end of the precoating and re- 
covery arm 2-7. At this time, the substrate holding por- 
tion 2-9 is rotating, and hence the precoating liquid 
spreads over the entire surface of the semiconductor 
substrate W. Then, the precoating and recovery ami 2-7 
Is returned to the retreat position, and the rotational 
speed of the substrate holding portion 2-9 is increased 
to remove the precoating liquid on the surface, to be 
plated, of the semiconductor substrate W by the centrif- 
ugal force for thereby drying the surface. 
[0126] Then, the electrode arm portion 2-6 is swung 
in a horizontal direction to bring the electrode portion 
2-5 from a position above the plating liquid tray 2-2 to a 
position above a plating position. At this position, the 
electrode portion 2-5 is lowered toward the cathode por- 
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tion 2-1 0. When lowering of the electrode portion 2-5 is 
completed, a plating voltage is applied to the anode 2-20 
and the cathode portion 2-10. and the plating liquid is 
supplied to the interior of the electrode portion 2-5 to 
supply the plating liquid to the plating liquid impregnated 
material 2-22 through the plating liquid supply ports 
piercing the anode 2-20. At this time, the plating liquid 
impregnated material 2-22 does not contact the surface, 
to be plated, of the semiconductor substrate W, but ap- 
proaches it at a distance of about 0.1 to 10 mm, prefer- 
ably 0.3 to 3 mm, and more preferably about 0.5 to 1 
mm. 

[0127] When the supply of the plating liquid continues, 
the plating liquid containing Cu ions, which has seeped 
out of the plating liquid Impregnated material 2-22, is 
filled into the gap between the plating liquid Impregnated 
material 2-22 and the surface, to be plated, of the sem- 
iconductor substrate W to apply Cu plating to the surface 
of the semiconductor substrate W. At this time, the sub- 
strate holding portion 2-9 may be rotated at a low speed. 
[0128] When the plating treatment is completed, the 
electrode ami portion 2-6 is raised and then swung to 
return the electrode portion 2-5 to the position above the 
plating liquid tray 2-2 and to lower the electrode portion 
2-5 to the ordinary position. Then, the precoating and 
recovery amn 2-7 is moved from the retreat position to 
the position opposite to the semiconductor substrate W, 
and lowered to recover the remainder of the plating liq- 
uid on the semiconductor substrate W by a plating liquid 
recovery nozzle (not shown). After recovery of the re- 
mainder of the plating liquid is completed, the precoating 
and recovery amn 2-7 is returned to the retreat position, 
and pure water Is supplied toward the central portion of 
the semiconductor substrate W. At the same time, the 
substrate holding portion 2-9 is rotated at an Increased 
speed to replace the plating liquid on the face of the 
semiconductor substrate W with pure water 
[0129] After completion of the above rinsing, the sub- 
strate holding portion 2-9 is lowered from the plating po- 
sition B to the treatment and cleaning position C. Then, 
while pure water Is supplied from the fixed nozzles 2-8, 
the substrate holding portion 2-9 and the cathode por- 
tion 2-10 are rotated to perform washing with water. At 
this time, the seal member 2-16 and the cathode elec- 
trode 2-1 7 can also be cleaned, simultaneously with the 
semiconductor substrate W, by means of pure water di- 
rectly supplied to the cathode 2-10. or pure water scat- 
tered from the surface of the semiconductor substrate 
W. 

[01 30] After washing with water is completed, supply 
of pure water from the fixed nozzles 2-8 Is stopped, and 
the rotational speed of the substrate holding portion 2-9 
and the cathode portion 2-10 is further increased to re- 
move pure water on the face of the semiconductor sub- 
strate W by centrifugal force and to dry the face of the 
semiconductor substrate W. The seal member 2-16 and 
the cathode electrode 2-17 are also dried at the same 
time. Upon completion of the drying, the rotation of the 



substrate holding portion 2-9 and the cathode portion 
2-10 is stopped, and the substrate holding portion 2-9 
is lowered to the substrate transfer position A. 
[0131] FIGS. 11 and 12 show the anode 2-20 and the 

5 plating liquid Impregnated material 2-22 according to 
another embodiment of the present invention. That is. 
In this embodiment the plating liquid impregnated ma- 
terial 2-22 is composed of porous ceramics such as alu- 
mina, SiC, mullite, zirconia, titania or cordierite, or a 

10 hard porous material such as a sintered compact of 
polypropylene or polyethylene, or a composite material 
comprising these materials. In case of the atumlna- 
based ceramics, for example, the ceramics with a pore 
diameter of 30 to 200 ^m, a porosity of 20 to 95%, and 

15 a thickness of about 5 to 20 mm, preferably 8 to 1 5 mm, 
are used. 

[0132] The plating liquid Impregnated material 2-22 
has a flange portion 2-22a provided at the upper portion 
thereof, and Is fixed by holding this flange portion 2-22a 

20 between the housing 2-18 and the support frame 2-19 
(see FIG. 10). The anode 2-20 is placed and held on the 
upper surface of the plating liquid impregnated material 
2-22. In this embodiment, the anodes of various shapes, 
such as porous ones or mesh-like ones may be placed. 

25 [0133] As described above, in the case where the 
plating liquid Impregnated material 2-22 is composed of 
a porous material, the electrical resistance of the interior 
of the plating liquid impregnated material 2-22 can be 
Increased by the plating liquid which has complicatedly 

30 entered the plating liquid Impregnated material 2-22. 
Thus, the thickness of the plated film can be uni- 
formlzed, and the generation of particles can be pre- 
vented. That is, the plating liquid impregnated material 
2-22 Is a kind of high-resistance member comprising po- 

35 rous ceramics, and is thus preferable for achieving uni- 
formity of the plated film thickness. Furthermore, the an- 
ode 2-20 is placed and held on the plating liquid impreg- 
nated material 2-22. Thus, even when the side of the 
lower surface of the anode 2-20 which is in contact with 

40 the plating liquid Impregnated material 2-22 is dissolved 
with the progress of plating, the distance between the 
lower surface of the anode 2-20 and the substrate W 
can be kept constant by the own weight of the anode 
2-20 without the use of a jig for fixing the anode 2-20. 

45 and air accumulation caused by air entering therein can 
be prevented. Incidentally, a gap may be provided be- 
tween the anode and the plating liquid impregnated ma- 
terial, and plating treatment may be performed with the 
plating liquid being held In this gap. This gap Is selected 

50 from the range of 20 mm or less, preferably 0.1 to 10 
mm, and more preferably 1 to 7 mm. 
[0134] FIG. 51 is an electrical equivalent circuit dia- 
gram of the apparatus shown in FIGS. 11 and 12. 
[01 35] When a predetermined voltage Is applied by a 
55 plating power source 2-37 between the anode 2-20 
(anodic electrode) submerged in the plating liquid and 
the conductive layer 1 a (cathodic electrode) of the sub- 
strate W to form a plated film on the surface of the con- 
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ductive layer 1 a, the following resistance components 

exist in this circuit: 

R1: Power source wire resistance between power 

source and anode, and various contact resist- s 
ances 

R2: Polarization resistance at anode 
R3: Plating liquid resistance 
R4: Polarization resistance at cathode (plated sur- 
face) 

Rp: Resistance value of high resistance structure 
R5: Resistance of conductive layer 
R6: Power source wire resistance between cathode 

potential lead-in contact and power source, and 

various contact resistances 

[0136] The resistance value Rp of a high resistance 
structure, which is the plating liquid impregnated mate- 
rial 2-22, Is 0.01 n or more, preferably 0.01 to 2 CI, more 
preferably 0.03 to 1 Q, and even more preferably 0.05 
to 0.5 ^2, for example, in the case of a 200 mm wafer. 
The resistance value of this high resistance structure is 
measured by the following procedure: First, in the plat- 
ing apparatus, a direct current (I) of a predetermined val- 
ue is flowed between both electrodes comprising the an- 
ode 2-20 and the substrate W spaced by a predeter- 
mined distance to perfonn plating, and the voltage (VI) 
of the direct current power source at this time is meas- 
ured. Then, in the same plating apparatus, the high re- 
sistance structure of a predetermined thickness is 
placed between both electrodes, and a direct current (I) 
of the same value is flowed to perform plating. At this 
time, the voltage (V2) of the direct current power source 
is measured. With this method, the resistance value Rp 
of the high resistance structure can be calculated from 
Rp = (V2 - V1)/l. In this case, the purity of copper con- 
stituting the anode is preferably 99.99% or more. The 
distance between the two electrode plates comprising 
the anode plate and the substrate is preferably in the 
range of 5 to 25 mm in the case of the substrate having 
a diameter of 200 mm, and is preferably in the range of 
1 5 to 75 mm in the case of the substrate having a diam- 
eter of 300 mm. The resistance R5 of the conductive 
layer 1 a on the substrate Wean be determined by meas- 
uring the resistance value between the outer periphery 
and the center of the substrate with the use of a tester, 
or calculated from the specific resistance of the material 
of the conductive layer 1 a and the thickness of the con- 
ductive layer 1 a. 

[0137] In the embodiment shown in FIGS. 11 and 12, 
a plating liquid introduction pipe 2-28 of a straight-line 
shape, which has a plating liquid introduction passage 
2-28a therein and extends in a diametrical direction, is 
installed on the upper surface of the anode 2-20. In the 
anode 2-20, plating liquid pouring holes 2-20a are pro- 
vided at positions aligned with plating liquid introduction 
holes 2-28b provided in the plating liquid introduction 
pipe 2-28. Many passage holes 2-20b are also provided 



in the anode 2-20. 

[0138] At positions approximately con-esponding to 
the plating liquid pouring holes 2-20a of the anode 2-20, 
the plating liquid reaches the upper surface (surface to 
be plated) of the substrate W from the lower surface of 
the plating liquid impregnated material 2-22, thereby 
forming plating liquid columns 2-30 which crosslink the 
plating liquid impregnated material 2-22 and the sur- 
face, to be plated, of the substrate W. By continuing the 
supply of the plating liquid, the plating liquid columns 
2-30 are gradually grown, or connected to each other. 
Then, a flow of the plating liquid Q. which advances in 
a direction perpendicular to the plating liquid introduc- 
tion pipe 2-28 and spreads over the entire surface of the 
surface, to be plated, of the substrate W, occurs as 
shown in FIG. 46. 

[0139] As a result, air bubbles B entrained by this flow 
of the plating liquid Q are pushed outward, and a front 
line of the flow of the plating liquid Q is a nearly 
straight line, so that the plating liquid Q does not enclose 
air. Thus, the air bubbles are prevented from remaining 
in the plating liquid filled between the plating liquid im- 
pregnated material 2-22 and the surface, to be plated, 
of the substrate W. 

[0140] Here, as shown in FIG. 47A, the plating liquid 
introduction pipe 2-28 which has blade portions extend- 
ing crucifomnly in directions perpendicular to each other 
and which has plating liquid introduction holes 2-2Bb at 
predetemiined positions along the longitudinal direction 
of each blade portion may be used, and the anode (not 
shown) which has plating liquid pouring holes 2-20a at 
positions corresponding to the plating liquid introduction 
holes 2-28b may be used. In this case, in the same man- 
ner as stated above, plating liquid columns crosslinking 
the plating liquid impregnated material and the surface, 
to be plated, of the substrate W are formed at positions 
approximately corresponding to the plating liquid pour- 
ing holes 2-20a of the anode. As the supply of the plating 
liquid continues, the plating liquid columns gradually 
grow. Then, a flow of the plating liquid Q, which spreads 
radially in quadrants defined by the plating liquid intro- 
duction pipe 2-28, is generated and the plating liquid Q 
spreads over the entire surface of the surface, to be plat- 
ed, of the substrate W. As shown in FIG. 47B, a similar 
flow of the plating liquid Q is generated, when the plating 
liquid introduction pipe 2-28 is placed in a circumferen- 
tial manner and plating liquid introduction holes 2-28b 
are provided at predetermined positions. The plating liq- 
uid introduction holes 2-28b of the plating liquid intro- 
duction pipe 2-28 are often provided at equal pitch and 
with equal diameter, but discharge of the liquid may be 
controlled by adjusting the pitch of the holes and the di- 
ameter of the holes. 

[0141] According to the embodiment shown in FIGS. 
11,12 and 46, at positions approximately corresponding 
to the plating liquid pouring holes 2-20a of the anode 
2-20, the plating liquid reaches the upper surface (sur- 
face to be plated) of the substrate W from the lower sur- 
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face of the plating liquid Impregnated material 2-22, 
thereby forming the plating liquid columns 2-30 which 
crosslink the plating liquid impregnated material 2-22 
and the surface, to be plated, of the substrate W. At this 
time, when the plating liquid flows inside the plating liq- s 
uld impregnated material 2-22, the plating liquid is slight- 
ly diffused along Its flow direction, thereby alleviating 
damage to the seed layer 1 07 (see FIG. 1 A) upon arrival 
of the plating liquid at the substrate W, namely, alleviat- 
ing the phenomenon of the seed layer due to local ap- 
plication of a jet, and thus contributing to the unifomriity 
of the film thickness during a subsequent plating step. 
[0142] By providing the distribution of the passage 
holes 2-20b over the surface so as to be dense in the 
central portion and sparse in the peripheral portion, the 
plating liquid spreads unifomnly 
[0143] As Indicated by Imaginary lines in FIG. 12, after 
the plating liquid reaches the upper surface (surface to 
be plated) of the substrate W from the lower surface of 
the plating liquid impregnated material 2-22 to fomri the 
plating liquid columns 2-30. the substrate W, for exam- 
ple, may be instantaneously raised to bring the plating 
liquid impregnated material 2-22 and the substrate W 
close to each other Instantaneously. Further, it Is possi- 
ble to forni the plating liquid columns 2-30 similarly while 
bending the substrate in a concave form under slight 
pressure on the edge of the substrate, and then to re- 
lease the pressure, thereby restoring the substrate to 
the original shape. With this measure, the plating liquid 
impregnated materia! 2-22 and the substrate W may be 
instantaneously brought close to each other. 
[0144] When the plating liquid impregnated material 
2-22 has a large thickness and a high density (low po- 
rosity), for example, resistance becomes large when the 
plating liquid flows inside the plating liquid impregnated 
material 2-22. As a result, a predetennlned amount of 
the plating liquid does not flow out of the plating liquid 
Impregnated material 2-22, and binding of the plating 
liquid columns 2-30 is disturbed. Even if air Is dragged 
at this time, the plating liquid impregnated material 2-22 
and the substrate W can be instantaneously brought 
close to each other. With this measure, a rapid outward 
flow of the plating liquid can be generated to drive out 
air bubbles together with the plating liquid, and the sup- 
ply of the plating liquid between the plating liquid im- 
pregnated material 2-22 and the substrate W can be 
perfonned in a short time. 

[0145] Contact between the plating liquid and the 
seed layer 107 (see FIG. 1A) in a non-energized state 
induces a decrease in the seed layer 1 07. Even in an 
energized state, the failure of the plating liquid to spread 
on the surface of the substrate W in a short time causes 
variations in the film thickness at the initial stage of plat- 
ing, and Impairs the unif onnlty of subsequent plated film 
thickness. However, these troubles can be prevented by 
supplying the plating liquid between the plating liquid Im- 
pregnated material 2-22 and the substrate W in a short 
time. 



[0146] Further, as shown in FIG. 11 , the plating liquid 
may be supplied from the plating liquid pouring holes 
2-20a to the plating liquid impregnated materia! 2-22 
during plating treatment to supply the plating liquid be- 
tween the plating liquid impregnated material 2-22 and 
the surface, to be plated, of the substrate W. Simultane- 
ously, the plating liquid In the same amount as the 
amount of the poured plating liquid can be sucked and 
discharged via the passage holes 2-20b through a plat- 
ing liquid discharge pipe (not shown) connected to the 
passage holes 2-20b. 

[0147] The plating liquid is stirred In this manner dur- 
ing plating treatment, whereby it becomes possible to 
remove air bubbles which have not been withdrawn dur- 
ing liquid filling, and air bubbles which have occurred 
during plating treatment after liquid filling. 
[0148] In the present plating apparatus, the spacing 
between the surface, to be plated, of the substrate W 
and the anode 2-20 Is small, so that a small amount of 
the plating liquid to be used is sufficient. However, since 
the additives and ions in the plating liquid become in 
limited amounts, in order to perfomn efficient plating in 
a short time, it is necessary to distribute the additives 
and the like unifomnly in the plating liquid. In this respect, 
according to the present embodiment, because the plat- 
ing liquid is stln-ed during plating treatment, It is possible 
to perfonn plating in such a state that the additives and 
ions are distributed uniformly. In the present plating ap- 
paratus, plating is applied onto the semiconductor sub- 
strate W by connecting the semiconductor substrate W 
to the cathode and connecting the anode to the positive 
electrode. By applying a reverse voltage, on the other 
hand, etching of the plated film provided on the semi- 
conductor substrate W can be carried out. After plating 
for filling the hole is substantially completed (40 to 400 
seconds), a feed voltage is applied for a short time (e. 
g., 1 to 60 seconds), and then a forward voltage is ap- 
plied again (50 seconds, 0.5 By applying feed volt- 
age, the action of the additives is suppressed, and for- 
mation of a protuberance only on the hole is prevented, 
so that unifomnity of the plated film can be achieved. 
[0149] FIG. 42 shows another embodiment, and in 
this embodiment, pipes 2-32 communicating with a plat- 
ing liquid introduction pipe 2-28 are provided in the plat- 
ing liquid introduction pipe 2-28 per se, the pipes 2-32 
are inserted into plating liquid introduction holes 2-28b 
of the anode 2-20, and the front ends of the pipes 2-32 
are brought into contact with the surface of the plating 
liquid impregnated material 2-22. That Is, in this embod- 
iment, the plating liquid can be supplied to the surface 
of the plating liquid impregnated material 2-22 without 
causing the plating liquid to contact the anode 2-20 at 
all. The plating liquid introduction pipe 2-28 and the 
pipes 2-32 are integrally formed by a synthetic resin of 
a material which is not affected at all by the plating liquid. 
The reference numeral 2-31 denotes a holding member 
for holding the substrate W. 

[01 50] The plating liquid, which has been directly sup- 
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plied to the surface of the plating liquid Impregnated ma- 
terial 2-22 from the plating liquid introduction pipe 2-28 
through the pipes 2-32, reaches the face of the substrate 
W while the plating liquid is slightly diffusing in the plat- 
ing liquid impregnated material 2-22, and the plating liq- 
uid forms a plurality of circular plating liquid columns 
2-30 between the substrate W and the surface of the 
plating liquid impregnated material 2-22, and the plural 
plating liquid columns 2-30 bind to each other on the 
substrate W, thus filling the face of the substrate W with 
the plating liquid. 

[0151] Even when this plating step is repeated, the in- 
ner diameter of the front end of the pipe 2-32 does not 
increase with the passage of time, and hence the ideal 
plating liquid columns 2-30 do not collapse with the pas- 
sage of time. Consequently, engulfment of air due to dis- 
turbance of binding of the plating liquid columns 2-30 
does not take place. Air bubbles are not accumulated 
between the plating liquid impregnated material 2-22 
and the substrate W, and the plated film thickness does 
not become nonuniform. 

[01 52] FIG. 43 is a view showing a schematic consti- 
tution of an electroplating apparatus using another em- 
bodiment of the present invention. This electroplating 
apparatus differs from that in the embodiment shown in 
FIG. 42 in that instead of fonning pipes 2-32 integrally 
with a plating liquid introduction pipe 2-28, separately 
prepared pipes 2-33 are inserted into plating liquid in- 
troduction holes 2-28b of the anode 2-20. In this case 
also, the pipes 2-33 are composed of a material which 
Is not affected at all by the plating liquid, and the front 
ends (lower ends) of the pipes 2-33 are brought into con- 
tact with the upper surface of the plating liquid impreg- 
nated material 2-22. 

[0153] Even with this constitution, the plating liquid 
does not directly contact the anode 2-20 in the same 
manner as the embodiment shown in FIG. 42. Even 
when the plating step is perfonned repeatedly, the inner 
diameter of the front end of the pipe 2-33 does not in- 
crease with the passage of time. Thus, the plating liquid 
columns 2-30 supplied from the plating liquid impreg- 
nated material 2-22 do not collapse with the passage of 
time, but can be always kept in the ideal state, and en- 
gulfment of air does not occur. 
[0154] FIG. 44 is a view showing a schematic consti- 
tution of an electroplating apparatus using another em- 
bodiment of the present invention. This electroplating 
apparatus differs from that in the embodiment shown in 
FIG. 42 in that instead of fomiing pipes 2-32 integrally 
wKh a plating liquid introduction pipe 2-28, separately 
prepared pipes 2-33 are inserted into plating liquid in- 
troduction holes 2-28b of the anode 2-20 and electrolytic 
solution passage portions 2-34 provided in the plating 
liquid impregnated material 2-22. In this case also, the 
pipes 2-33 are composed of a material which is not af- 
fected at all by the plating liquid. 
[0155] With this constitution, even when the plating 
step is performed repeatedly, the inner diameter of the 
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front end of the pipe 2-33 does not increase with the 
passage of time, and hence the Ideal plating liquid col- 
umns 2-30 do not collapse with the passage of lime. 
Consequently, engulfment of air due to disturbance of 
5 binding of the plating liquid columns 2-30 does not take 
place, and air bubbles are not accumulated between the 
plating liquid impregnated material 2-22 and the sub- 
strate W, and the plated film thickness does not become 
nonuniform. At the same time, the pipes 2-33 protrude 
10 into the plating liquid impregnated materia! 2-22, and 
hence there is a decrease in the resistance when the 
plating liquid passes through the plating liquid Impreg- 
nated material 2-22. Even if the plating liquid impregnat- 
ed material 2-22 having a large thickness or a high den- 
's sity (low porosity) is used, an appropriate amount of the 
plating liquid is supplied from predetemriined positions 
of the plating liquid impregnated material 2-22. As a re- 
sult, engulfment of air due to disturbance of binding of 
the plating liquid columns 2-30 does not take place, and 
20 air bubbles are not accumulated between the plating liq- 
uid impregnated material 2-22 and the substrate W, and 
thus the plated film thtekness does not become nonuni- 
fomn. 

[0156] FIG. 48 is a cross-sectional view showing a 

25 modified example of the embodiment shown in FIG. 42. 
[0157] In the plating apparatus shown In FIG. 42, the 
electric field on the surface, to be processed, of the sub- 
strate can be controlled by at least one of adjustment of 
the external form of the plating liquid impregnated ma- 

30 terial 2-22, adjustment of the internal stmcture of the 
plating liquid impregnated material 2-22, and adjust- 
ment by mounting of a member with different electric 
conductivity. In this manner, if the state of the electric 
field on the surface, to be processed, of the substrate is 

35 positively controlled to the desired state, a processed 
state by electrolytic treatment of the substrate to be 
processed can be made a processed state with desired 
distribution on the surface. In case electrolytic treatment 
is plating treatment, the thickness of a plated film fomned 

40 on the substrate to be processed can be uniformized, 
or an arbitrary distribution can be imparted to the thick- 
ness of the plated film formed on the substrate to be 
processed. 

[0158] The adjustment of the external fonn shape can 
45 be made by adjustment of the thickness of the plating 
liquid impregnated material 2-22, adjustment of the 
shape of the plating liquid impregnated material 2-22 on 
the plane, or the like. 

[01 59] The plating liquid impregnated material 2-22 is 
50 composed of a porous substance. Adjustment of the in- 
temal stmcture of the porous substance is perfomied by 
adjustment of the pore diameter distribution of the po- 
rous substance, adjustment of porosity distribution, ad- 
justment of flexing rate distribution, or adjustment of a 
55 combination of materials. 

[0160] The adjustment by mounting of a member with 
different electric conductivity is performed by adjusting 
the shielding area of the plating liquid impregnated ma- 
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terial 2-22 with the use of a member with different elec- 
tric conductivily. 

[0161] In the embodiment shown in FIG. 48, a band- 
like Insulating member 2-35 is wound around an outer 
peripheral side surface of a porous ceramic plate (po- 
rous substance) 2-22 so as to surround the outer pe- 
ripheral side surface. As the material of the insulating 
member 2-35, an extensible material such as f luororub- 
ber is used. 

[01 62] A plating liquid, which has been supplied under 
pressure from a plating liquid introduction pipe 2-28 to 
the porous ceramic plate (plating liquid impregnated 
material) 2-22 through plating liquid introduction holes 
2-28b of an anode 2-20, permeates the interior of the 
porous ceramic plate 2-22 to fill the interior of the porous 
ceramic plate 2-22 with the plating liquid. Then, the plat- 
ing liquid is discharged from the lower surface of the po- 
rous ceramic plate 2-22 to fill a space between the sub- 
strate W and the porous ceramic plate 2-22 with the plat- 
ing liquid. Introduction of the plating liquid may be per- 
formed from a gap between a lip seal 2-16 and an end 
surface of the porous ceramic plate 2-22. In this case, 
neither the plating liquid introduction pipe 2-28 nor the 
plating liquid Introduction holes 2-28b of the anode 2-20 
are necessary. 

[0163] When a predetermined voltage is applied be- 
tween the anode 2-20 and the substrate W to flow a di- 
rect current, plating (e.g. copper plating) is applied on 
the entire surface of the conductive layer of the sub- 
strate W. According to the present embodiment, the po- 
rous ceramic plate 2-22 is interposed between the an- 
ode 2-20 and the substrate W, and hence there is min- 
imal influence due to the difference among the resist- 
ance values of the respective portions according to the 
difference In the distance from contacts 2-1 7 on the sur- 
face of the substrate W as stated above. Consequently, 
substantially uniform plating (e.g. copper plating) is ap- 
plied on the entire surface of the conductive layer of the 
substrate W. 

[0164] However, portions in the vicinity of the outer 
peripheral portion close to the contacts 2-1 7 are still high 
in current density, and tend to be thicker in plated film 
thickness than other portions. 

[01 65] In the present embodiment, therefore, an insu- 
lating member 2-35 is wound around the outer periph- 
eral side surface of the porous ceramic plate 2-22 to pre- 
vent an electric current from concentrating at an area 
near the outer peripheral portion of the substrate W, as 
shown by dotted lines in FIG. 48, thereby decreasing 
the current density at such area and making it neariy 
equal to the cun-ent density directed toward the other 
portions of the substrate W. 

[0166] Here, the following constitution may be adopt- 
ed in an electrolytic treatment apparatus in which an 
electrolytic solution is filled between a substrate, to be 
treated, having contacts which are brought in contact 
with one of an anode and a cathode, and the other elec- 
trode opposite to the substrate to perfomi electrolytic 
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treatment of the substrate: A high resistance structure 
having electric conductivity smaller than the electric 
conductivity of the electrolytic solution is provided in at 
least part of the electrolytic solution, the high resistance 
5 structure has an outer periphery held by a holding mem- 
ber, and a seal member is provided between the high 
resistance structure and the holding member for pre- 
venting the electrolytic solution from leaking from this 
area and preventing an electric current from flowing. 

10 

[Embodiment using seal member] 

[01 67] FIG . 49 is a schematic view of an essential part 
showing portions in the vicinity of the outer peripheral 

15 portion of a porous ceramic plate 2-22 of an electroplat- 
ing apparatus having the same structure as that shown 
in FIG. 48. However, the Insulating member 2-35 shown 
in FIG. 48 is not shown in this electroplating apparatus. 
In this electroplating apparatus, since a gap between a 

20 holding member 2-1 8 and the porous ceramic plate 2-22 
is not sealed, a plating liquid flows out of the anode 2-20 
through this gap to thus fonm a passage for an electric 
cun-ent as shown by an arrow. Since this current pas- 
sage Is such a passage that current does not pass 

25 through the interior of the porous ceramic plate 2-22, its 
resistance value is small. Thus, the current density be- 
comes so high that control for decreasing the plated film 
thickness in the vicinity of the outer peripheral portion 
of the substrate W may be impossible. 

30 [0168] In this embodiment, therefore, a seal member 
2-36 is provided between the porous ceramic plate 2-22 
and the holding member 2-18, as shown in FIGS. 50A 
and 50B. With this arrangement, leakage of the plating 
liquid from this portion is prevented so that the plated 

35 film thickness in the vicinity of the outer peripheral por- 
tion of the substrate W can be controlled so as to be 
small. 

[01 69] The seal member 2-36 in this embodiment has 
an inverted L-shaped cross section, and is composed 

40 of an insulating material, and thus the seal member 2-36 
also serves as the insulating member shown in FIG. 48. 
The seal member 2-36, as its cross section is shown in 
FIG. 50B, may be constmcted by attaching, as separate 
parts, an annular seal member portion 2-36a for sealing 

45 the portion at which the holding member 2-18 and the 
lower surface of the porous ceramic plate 2-22 are in 
contact with each other, and an insulating member por- 
tion 2-36b exhibiting the same function as the band-like 
insulating member 2-35 shown in FIG. 48. 

50 [0170] The seal member 2-36, needless to say, can 
be applied to the respective embodiments other than the 
embodiment in FIG. 48. Specifically: more effective elec- 
tric field control can be performed by jointly using the 
seal member 2-36 for preventing leakage of the plating 

55 liquid from a portion between the outer peripheral side 
surface of the high resistance structure 4 and the hold- 
ing member 2-18, and electric field control means ac- 
cording to other various embodiments. 
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[0171] FIG. 13 is a view showing another plan layout 
constitution of the substrate processing apparatus ac- 
cording to the present invention. In FIG. 13, portions de- 
noted by the same reference numerals as those in FIG. 
2 show the same or corresponding portions. The same 
is true of FIGS. 1 4 and 1 5. In the present substrate pol- 
ishing apparatus, a pusher indexer 25 Is disposed close 
to a first polishing apparatus 10 and a second polishing 
apparatus 11, substrate placing tables 21, 22 are dis- 
posed close to a third cleaning machine 4 and a plated 
Cu film fonming unit 2, respectively, and a robot 23 (here- 
inafter refen-ed to as second robot 23) is disposed close 
to a first cleaning machine 9 and the third cleaning ma- 
chine 4. Further a robot 24 (hereinafter referred to as 
third robot 24) is disposed close to a second cleaning 
machine 7 and the plated Cu film forming unit 2, and a 
dry state film thickness measuring instrument 13 is dis- 
posed close to a loading and unloading section 1 and a 
first robot 2. 

[0172] In the substrate processing apparatus of the 
above constitution, the first robot 3 takes out a semicon- 
ductor substrate W from a cassette 1-1 placed on the 
load port of the loading and unloading section 1 . After 
the film thicknesses of a ban-ier layer 105 and a seed 
layer 107 are measured with the dry state film thickness 
measuring instrument 13, the first robot 3 places the 
semiconductor substrate W on the substrate placing ta- 
ble 21. In the case where the dry state film thickness 
measuring instrument 1 3 is provided on the hand 3-1 of 
the first robot 3 as shown in FIGS. 6B and 6C, the film 
thicknesses are measured thereon, and the substrate is 
placed on the substrate placing table 21. The second 
robot 23 transfers the semiconductor substrate W on the 
substrate placing table 21 to the plated Cu film fonning 
unit 2 in which a plated Cu film 1 06 is formed. After for- 
mation of the plated Cu film 106, the film thickness of 
the plated Cu film 106 is measured with a before-plating 
and after-plating film thickness measuring instrument 
12. Then, the second robot 23 transfers the semicon- 
ductor substrate W to the pusher indexer 25 and loads 
it thereon. 

[Serial mode] 

[0173] In the serial mode, a top ring head 10-2 holds 
the semiconductor substrate W on the pusher indexer 
25 by suction, transfers it to a polishing table 10-1 , and 
presses the semiconductor substrate W against a pol- 
ishing surface on the polishing table 1 0-1 to perform pol- 
ishing. Detection of the end point of polishing is per- 
formed by the same method as described above. The 
semiconductor substrate W after completion of polish- 
ing is transferred to the pusher indexer 25 by the top 
ring head 10-2, and loaded thereon. The second robot 
23 takes out the semiconductor substrate W, and carries 
it into the first cleaning machine 9 for cleaning. Then, 
the semiconductor substrate W is transferred to the 
pusher indexer 25, and loaded thereon. 
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[01 74] A top ring head 1 1 -2 holds the semiconductor 
substrate W on the pusher indexer 25 by suction, trans- 
fers it to a polishing table 11-1 , and presses the semi- 
conductor substrate W against a polishing surface on 

5 the polishing table 11-1 to perform polishing. Detection 
of the end point of polishing is perfonned by the same 
method as described above. The semiconductor sub- 
strate W after completion of polishing Is transferred to 
the pusher indexer 25 by the top ring head 11-2, and 

10 loaded thereon. The third robot 24 picks up the semi- 
conductor substrate W, and its film thickness is meas- 
ured with a film thickness measuring Instrument 26. 
Then, the semiconductor substrate W is carried into the 
second cleaning machine 7 for cleaning. Thereafter, the 

15 semiconductor substrate W is can-led into the third 
cleaning machine 4, where it is cleaned and then dried 
by spin-drying. Then, the semiconductor substrate W is 
picked up by the third robot 24, and placed on the sub- 
strate placing table 22. 

20 

[Parallel mode] 

[01 751 In the parallel mode, the top ring head 1 0-2 or 
11-2 holds the semiconductor substrate W on the push- 
es er indexer 25 by suction, transfers rt to the polishing ta- 
ble 10-1 or 11-1, and presses the semiconductor sub- 
strate W against the polishing surface on the polishing 
table 10-1 or 11-1 to perfomn polishing. After measure- 
ment of the film thickness, the third robot 24 picks up 
30 the semiconductor substrate W, and places it on the 
substrate placing table 22. 

[0176] The first robot 3 transfers the semiconductor 
substrate W on the substrate placing table 22 to the dry 
state film thickness measuring instrument 13. After the 
35 film thickness is measured, the semiconductor sub- 
strate W is returned to the cassette 1-1 of the loading 
and unloading section 1 . 

[0177] FIG. 14 is a view showing another plan layout 
constitution of the substrate processing apparatus ac- 

40 cording to the present invention. The present substrate 
processing apparatus is such a substrate processing 
apparatus which fomns a seed layer 1 07 and a plated 
Cu film 106 on a semiconductor substrate W having no 
seed layer 107 formed thereon, and polishes and re- 

45 moves these films to form Interconnects. The present 
substrate processing apparatus differs from the sub- 
strate processing apparatus shown in FIG. 2 in that a 
seed layer forming unit 27 is provided Instead of the third 
cleaning machine 4 in FIG. 2. 

50 [0178] A cassette 1-1 accommodating the semicon- 
ductor substrates W before formation of the seed layer 
107 is placed on a load port of a loading and unloading 
section 1 . The semiconductor substrate W before for- 
mation of the seed layer 107 is taken out from the cas- 

55 sette 1 -1 by a first robot 3, and the seed layer (Cu seed 
layer) 107 is fonmed by the seed layer fonning unit 27. 
The seed layer 1 07 is formed by electroless plating, and 
after its fomnation, heat is applied to make the adhesion 
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of the seed layer 107 higher. The film thickness of the 
seed layer 107 ts measured with a before-plating and 
after-plating film thickness measuring instrument 12. 
[0179] The semiconductor substrate is taken out by 
the first robot 3, and the plated Cu film 106 is formed by 
a plated Cu film forming unit 2. Formation of the plated 
Cu film 106 is perfomied by carrying out hydrophilic 
treatment of the face of the semiconductor substrate W, 
and then Cu plating. Then, rinsing or cleaning is earned 
out. If there is some time to spare, drying may be per- 
formed. When the semiconductor substrate W is taken 
out by the first robot 3, the' film thickness of the plated 
Cu film 106 is measured with the before-plating and af- 
ter-plating film thickness measuring instrument 12. The 
method of measurement is the same as that of the film 
thickness measurement of the seed layer 1 07, and the 
results of its measurement are recorded as record data 
on the semiconductor substrate W and are also used for 
judgment of an abnonnality of the plated Cu film forming 
unit 2. After measurement of the film thickness, the first 
robot 3 transfers the semiconductor substrate W to a 
reversing machine 5 in which the semiconductor sub- 
strate W is turned over. 

[0180] Then, a second robot 8 picks up the semicon- 
ductor substrate W from the reversing machine 5, and 
places it on a pusher 10-5 or 11-5. Then, the top ring 
10-2 or 11-2 holds the semiconductor substrate W by 
suction, transfers it onto a polishing table 10-1 or 11-1, 
and presses it against a polishing surface on the polish- 
ing table 10-1 or 11-1 to perfonn polishing. This polish- 
ing is substantially the same as the treatment in the 
steps 1 to 3 in the parallel mode polishing by the sub- 
strate processing apparatus shown in FIG. 2, and thus 
Its explanations are omitted. 

[0181] After completion of polishing, the top ring 10-2 
or 1 1 -2 returns the semiconductor substrate W to the 
pusher 10-5 or 11-5. The second robot 8 picks up the 
semiconductor substrate W, and carries it into a first 
cleaning machine 9. At this time, a chemical liquid may 
be ejected toward the face and backside of the semi- 
conductor substrate W on the pusher 10-5 or 11-5 to 
remove particles therefrom or cause particles to be dif- 
ficult to adhere thereto. 

[0182] In the first cleaning machine 9, the face and 
the backside of the semiconductor substrate W are 
scrubbed and cleaned. The face of the semiconductor 
substrate W is scrubbed and cleaned mainly for removal 
of particles with a PVA roll sponge using cleaning water 
comprising pure water to whk:h a surface active agent, 
a chelating agent, or a pH regulator is added. A strong 
chemical liquid such as DHF is ejected toward the back- 
side of the semiconductor substrate W to etch diffused 
Cu. If there is no problem of Cu diffusion, the backside 
of the semiconductor substrate W is scrubbed and 
cleaned with a PVA roll sponge using the same chemical 
liquid as that for the face. 

[0183] After cleaning, the second robot 8 picks up the 
semiconductor substrate W, and transfers it to a revers- 



ing machine 6 where the semiconductor substrate W is 
reversed. The semiconductor substrate W is picked up 
again by the second robot 8, and carried into a second 
cleaning machine 7 by the second robot 8. In the second 

5 cleaning machine 7, megasonic water to which ultrason- 
ic vibrations are applied is ejected toward the face of the 
semiconductor substrate W to clean the face. At this 
time, the face may be cleaned with a pencil type sponge 
using a cleaning liquid comprising pure water to which 

10 a surface active agent, a chelating agent, or a pH regu- 
lator is added. Thereafter, the semiconductor substrate 
W is dried by spin-drying. 

[0184] Then, the second robot 8 picks up the semi- 
conductor substrate W, and transfers it to the reversing 

'5 machine 6 as it is. The first robot 3 picks up the semi- 
conductor substrate W on the reversing machine 6. In 
the case where the film thickness has been measured 
with a film thickness measuring instrument 1 0-4 or 11 -4 
provided near the polishing table 10-1 or 11-1 as de- 

20 scribed above, the semiconductor substrate W is re- 
ceived by the cassette 1-1 placed in the unload port of 
the loading and unloading section 1 . In the case where 
the film thicknesses of multilayer films are to be meas- 
ured, measurement in a dry state needs to be per- 

25 formed. Thus, the film thickness is measured once with 
a dry state film thickness measuring instrument 13. In 
this case, if the dry state film thickness measuring in- 
strument 1 3 is provided on the hand 3-1 of the first robot 
3 as shown In FIGS. 6B and 6C, the film thickness can 

30 be measured on the robot hand. The results of the film 
thickness measurement are retained as processing 
records of the semiconductor substrate W, or a judg- 
ment as to whether the semiconductor substrate W can 
be delivered to a next step or not is made. 

35 [0185] FIG. 15 is a view showing another plan layout 
constitution of the substrate processing apparatus ac- 
cording to the present Invention. The present substrate 
processing apparatus, as is the case with the substrate 
processing apparatus shown in FIG. 1 4, is such a sub- 

40 strate processing apparatus which forms a seed layer 
107 and a plated Cu film 106 on a semiconductor sub- 
strate W having no seed layer 1 07 formed thereon, and 
polishes these filnns to fomri Interconnects. 
[0186] In the present substrate polishing apparatus, 

45 a pusher Indexer 25 is disposed close to a first polishing 
apparatus 1 0 and a second polishing apparatus 1 1 , sub- 
strate placing tables 21 , 22 are disposed close to a sec- 
ond cleaning machine 7 and a seed layer forming unit 
27, respectively, and a robot 23 (hereinafter refen'ed to 

50 as second robot 23) is disposed close to the seed layer 
forming unit 27 and a plated Cu film forming unit 2. Fur- 
ther, a robot 24 (hereinafter referred to as third robot 24) 
is disposed close to a first cleaning machine 9 and the 
second cleaning machine 7, and a dry state film thick- 

55 ness measuring instrument 1 3 is disposed close to a 
loading and unloading section 1 and a first robot 2. 
[0187] The first robot 3 takes out a semiconductor 
substrate W having a barrier layer 105 thereon from a 
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cassette 1-1 placed on the load port of the loading and 
unloading section 1 , and places it on the substrate plac- 
ing table 21 . Then, the second robot 23 transports the 
semiconductor substrate W to the seed layer forming 
unit 27 where a seed layer 1 07 is formed. The seed layer 
1 07 is fomied by electroless plating. The second robot 

23 enables the semiconductor substrate having the 
seed layer 107 formed thereon to be measured In thick- 
ness of the seed layer 1 07 by the before-plating and af- 
ter-plating film thickness measuring instrument 1 2. After 
measurement of the film thickness, the semiconductor 
substrate is canried into the plated Cu film fonning unit 
2 where a plated Cu film 106 is fonned. 

[0188] After fomiation of the plated Cu film 106, its 
film thickness is measured, and the semiconductor sub- 
strate is transferred to a pusher indexer 25. A top ring 
10-2 or 11-2 holds the semiconductor substrate W on 
the pusher indexer 25 by suction, and transfers it to a 
polishing table 10-1 or 11-1 to perfomn polishing. After 
polishing, the top ring 10-2 or 11-2 transfers the semi- 
conductor substrate W to a film thickness measuring in- 
strument 10-4 or 11-4 to measure the film thickness. 
Then, the top ring 10-2 or 11-2 transfers the semicon- 
ductor substrate W to the pusher indexer 25, and places 
it thereon. 

[0189] Then, the third robot 24 picks up the semicon- 
ductor substrate W from the pusher indexer 25, and car- 
ries it into the first cleaning machine 9. The third robot 

24 picks up the cleaned semiconductor substrate W 
from the first cleaning machine 9, cames it into the sec- 
ond cleaning machine 7, and places the cleaned and 
dried semiconductor substrate on the substrate placing 
table 22. Then, the first robot 3 picks up the semicon- 
ductor substrate W, and transfers it to the dry state film 
thickness measuring instrument 13 in which the film 
thickness is measured, and the first robot 3 carries it into 
the cassette 1 -1 placed on the unload port of the loading 
and unloading section 1 . 

[01 90] In the above embodiment, an example in which 
the seed layer 1 07 and the plated Cu film 1 06 have been 
fonned by the substrate processing apparatus having 
the constitution shown in FIG. 14 is shown. According 
to the substrate processing apparatus having the con- 
stitution shown in FIG. 14, a barrier layer 105, a seed 
layer 107 and a plated Cu film 106 can be fonned on a 
semiconductor substrate W having a via hole 103 or a 
trench 104 of a circuit pattern formed therein, and then 
polished to form interconnects. 
[0191] The cassette 1-1 accommodating the semi- 
conductor substrates W before formation of the barrier 
layer 105 is placed on the load port of the loading and 
unloading section 1 . The first robot 3 takes out the sem- 
iconductor substrate W from the cassette 1-1 , and car- 
ries it into the seed layer forming unit 27 to fomri a barrier 
layer 105 and a seed layer 107. The barrier layer 105 
and the seed layer 107 are fonned by an electroless 
plating method. After plating, the substrate is heated to 
make the adhesion of the barrier layer 1 05 and the seed 
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layer 107 higher. Then, a plated Cu film 106 is formed 
by the plated Cu film fonning unit 2. At this time, the film 
thicknesses of the barrier layer 1 05 and the seed layer 
1 07 are measured with the before-plating and after-plat- 
5 ing film thickness measuring instrument 12. Treatment 
after formation of the plated Cu film 106 is the same as 
that described in the treatment by the substrate process- 
ing apparatus shown in FIG 14, and its explanations are 
omitted. 

10 [0192] In the substrate processing apparatus shown 
in FIG. 15 also, interconnects are fonned by fonning a 
barrier layer 105, a seed layer 107 and a plated Cu film 

1 06 on a semiconductor substrate W having a via hole 
103 or a trench 104 of a circuit pattem fonned therein, 

15 and polishing them. 

[0193] The cassette 1-1 accommodating the semi- 
conductor substrates W before fonnatlon of the barrier 
layer 1 05 is placed on the load port of the loading and 
unloading section 1 . The first robot 3 takes out the sem- 

20 iconductor substrate W from the cassette 1 -1 placed on 
the load port of the loading and unloading section 1 , and 
places it on the substrate placing table 21 . Then, the 
second robot 23 transports the semiconductor substrate 
W to the seed layer fonning unit 27 where a bamer layer 

25 1 05 and a seed layer 1 07 are formed. The barrier layer 
105 and the seed layer 107 are formed by electroless 
plating. The second robot 23 brings the semiconductor 
substrate W having the barrier layer and the seed layer 

1 07 fonned thereon to the before-plating and after-plat- 
30 ing film thickness measuring instrument 12 which meas- 
ures the film thicknesses of the barrier layer 1 05 and the 
seed layer 1 07. After measurement of the film thickness- 
es, the semiconductor substrate W is carried into the 
plated Cu film forming unit 2 where a plated Cu film 1 06 

35 is fonmed. Treatment after fonnation of the plated Cu 
film 106 is the same as that described in the treatment 
by the substrate processing apparatus shown in FIG 15. 
and its explanations are omitted. 
[0194] In the above embodiment, although an exam- 

40 pie in which the plated Cu film 106 is formed to form 
interconnects has been shown. However, plating is not 
limited to Cu plating, and may be Cu alloy or other metal 
plating. 

[0195] FIG. 16 is a view showing plan layout consti- 
45 tution of another embodiment of the substrate process- 
ing apparatus according to the present invention. In the 
present substrate processing apparatus, there are pro- 
vided a barrier layer forming unit 1 1 1 , a seed layer fonn- 
ing unit 1 1 2, a plated film forming unit 1 1 3. an annealing 
50 unit 1 1 4, a first cleaning unit 1 1 5, a bevel and backside 
cleaning unit 116, a cover plating unit 117, a second 
cleaning unit 1 1 8, a first aligner and film thickness meas- 
uring instrument 141, a second aligner and film thick- 
ness measuring instrument 1 42, a first substrate revers- 
es ing machine 143, a second substrate reversing machine 
1 44, a substrate temporary placing table 1 45, a third film 
thickness measuring instrument 146, a loading and un- 
loading section 120, a first polishing apparatus 121, a 
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second polishing apparatus 122, a first robot 131 . a sec- 
ond robot 132, a third robot 133, and a fourth robot 134. 
The film thickness measuring instruments 1 41 , 1 42, and 
146 are units, have the same size as the frontage di- 
mension of other units (plating, cleaning, annealing 
units, and the like), and are thus interchangeable. 
[0196] In this embodiment, an electroless Ru plating 
apparatus can be used as the barrier layer forming unit 
1 1 1 , an electroless Cu plating apparatus as the seed lay- 
er forming unit 112, and an electroplating apparatus as 
the plated film forming unit 113. 
[01 97] FIG. 1 7 is a flow chart showing the flow of the 
respective steps in the present substrate processing ap- 
paratus. The respective steps in the apparatus will be 
described according to this flow chart. First, a semicon- 
ductor substrate taken out by the first robot 131 from a 
cassette 120a placed on the load and unload unit 120 
is placed in the first aligner and film thickness measuring 
unit 141, in such a state that its surface, to be plated, 
faces upward. In order to set a reference point for a po- 
sition at which film thickness measurement is made, 
notch alignment for film thickness measurement is per- 
fomied, and then film thickness data on the semicon- 
ductor substrate before fomiation of a Cu film are ob- 
tained. 

[0198] Then, the semiconductor substrate is trans- 
ported to the barrier layer forming unit 111 by the first 
robot 131. The barrier layer forming unit 111 is such an 
apparatus for forming a barrier layer on the semicon- 
ductor substrate by electroless Ru plating, and the f omri- 
ing unit 111 fomis an Ru film as a film for preventing Cu 
from diffusing into an interiayer insulator film (e.g. SiOg) 
of a semiconductor device. The semiconductor sub- 
strate discharged after cleaning and drying steps is 
transported by the first robot 131 to the first aligner and 
film thickness measuring unit 141 , where the film thrck- 
ness of the semiconductor substrate, i.e., the film thick- 
ness of the ban^ier layer is measured. 
[0199] The semiconductor substrate after film thick- 
ness measurement is carried into the seed layer forming 
unit 112 by the second robot 132, and a seed layer is 
fonmed on the barrier layer by electroless Cu plating. 
The semiconductor substrate discharged after cleaning 
and drying steps is transported by the second robot 1 32 
to the second aligner and film thickness measuring in- 
strument 142 for detennination of a notch position, be- 
fore the semiconductor substrate is transported to the 
plated film fomiing unit 113, whfeh is an impregnation 
plating unit, and then notch alignment for Cu plating is 
perfomned by the film thickness measuring instrument 
1 42. If necessary, the film thickness of the semiconduc- 
tor substrate before fomnation of a Cu film may be meas- 
ured again in the film thk:kness measuring instrument 
142. 

[0200] The semiconductor substrate which has com- 
pleted notch alignment Is transported by the third robot 
133 to the plated film fomiing unit 113 where Cu plating 
is applied to the semiconductor substrate. The semk:on- 
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ductor substrate discharged after cleaning and drying 
steps is transported by the third robot 133 to the bevel 

and backside cleaning unit 116 where an unnecessary 
Cu film (seed layer) at a peripheral portion of the semi- 

5 conductor substrate is removed. In the bevel and back- 
side cleaning unit 116, the bevel is etched in a preset 
time, and Cu adhering to the backside of the semteon- 
ductor substrate is cleaned with a chemical liquid such 
as hydrofluoric acid. At this time, before transporting the 

10 semiconductor substrate to the bevel and backside 
cleaning unit 116, film thickness measurement of the 
semiconductor substrate may be made by the second 
aligner and film thk:kness measuring instrument 142 to 
obtain the thickness value of the Cu film fonned by plat- 
es ing, and based on the obtained results, the bevel etching 
time may be changed ariaitrarily to carry out etching. The 
region etched by bevel etching is a region which corre- 
sponds to a peripheral edge portion of the substrate and 
has no circuit formed therein, or a region which Is not 

20 utilized finally as a chip although a circuit is fomied. A 
bevel portion is included in this region. 
[0201] The semiconductor substrate discharged after 
cleaning and drying steps In the bevel and backside 
cleaning unit 11 6 is transported by the third robot 133 to 

25 the substrate reversing machine 1 43. After the semk;on- 
ductor substrate is tumed over by the substrate revers- 
ing machine 143 to cause the plated surface to be di- 
rected downward, the semiconductor substrate is intro- 
duced Into the annealing unit 1 1 4 by the fourth robot 1 34 

30 for thereby stabilizing a wiring portion. Before and/or af- 
ter annealing treatment, the semiconductor substrate is 
can-led into the second aligner and film thickness meas- 
uring unit 142 where the film thickness of a copper film 
fomned on the semiconductor substrate is measured. 

35 Then, the semiconductor substrate is carried by the 
fourth robot 134 into the first polishing apparatus 121 in 
which the Cu layer and the seed layer of the semfcon- 
ductor substrate are polished. 

[0202] At this time, desired abrasive grains or the like 
40 are used, but fixed abrasive may be used in order to 
prevent dishing and enhance flatness of the face. After 
completion of primary polishing, the semiconductor sub- 
strate is transported by the fourth robot to the first clean- 
ing unit 115 where It is cleaned. This cleaning is scrub- 
45 cleaning in which rolls having substantially the same 
length as the diameter of the semiconductor substrate 
are placed on the face and the backside of the semicon- 
ductor substrate, and the semiconductor substrate and 
the rolls are rotated, while pure water or deionized water 
50 is flowed, thereby performing cleaning of the semicon- 
ductor substrate. 

[0203] After completion of the primary cleaning, the 
semiconductor substrate is transported by the fourth ro- 
bot 134 to the second polishing apparatus 122 where 
55 the barrier layer on the semiconductor substrate is pol- 
ished. At this time, desired abrasive grains or the like 
are used, but fixed abrasive may be used in order to 
prevent dishing and enhance flatness of the face. After 
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completion of secondary polishing, the semiconductor 
substrate is transported by the fourth robot 134 again to 
the first cleaning unit 115 where scrub-cleaning is per- 
fonmed. After completion of cleaning, the semiconductor 
substrate is transported by the fourth robot 134 to the 5 
second substrate reversing machine 144 where the 
semiconductor substrate is reversed to cause the plated 
surface to be directed upward, and then the semicon- 
ductor substrate is placed on the substrate temporary 
placing table 145 by the third robot. io 
[0204] The semiconductor substrate is transported by 
the second robot 1 32 from the substrate temporary plac- 
ing table 1 45 to the cover plating unit 1 1 7 where nickel- 
boron plating is applied onto the Cu surface with the aim 
of preventing oxidation of Cu due to the atmosphere. '5 
The semiconductor substrate to which cover plating has 
been applied is carried by the second robot 132 from 
the cover plating unit 117 to the third film thickness 
measuring instmment 146 where the thickness of the 
copper film is measured. Thereafter, the semiconductor 20 
substrate is carried by the first robot 131 into the second 
cleaning unit 1 1 8 where it is cleaned with pure water or 
deionized water. The semiconductor substrate after 
completion of cleaning is returned Into the cassette 1 20a 
placed on the loading and unloading section 120. 25 
[0205] The aligner and film thickness measuring in- 
strument 141 and the aligner and film thickness meas- 
uring instrument 142 perform positioning of the notch 
portion of the substrate and measurement of the film 
thickness. Schematic views of the aligner and film thick- 30 
ness measuring instrument 142 are shown in FIGS. 18 
and 1 9. A flow chart showing the movement of the sem- 
iconductor substrate in the aligner and film thickness 
measuring instrument 142 is shown in FIG. 20. 
[0206] In the aligner and film thickness measuring in- 35 
strument 142, a notch Wa is detected by a photomicro- 
sensor 142-1 , while a semiconductor substrate W is ro- 
tated, and positioning of the notch Wa is carried out at 
an arbitrary position. For example, the position of the 
notch Wa is detected to set a reference position for the 40 
film thickness measurement point, whereby the meas- 
urement points before treatment and after treatment will 
not be displaced from each other, and the direction of 
placement of the semiconductor substrate when the 
semiconductor substrate is Introduced into the plating 45 
apparatus can be consistent. 

[0207] The apparatus is configured to have a rotata- 
ble vacuum chuck 142-4, a lift 142-2, a photomicrosen- 
sor 142-1 for notch detection, an eddy current sensor 
142-3 for film thickness measurement, and the like. In 50 
FIGS. 1 8 to 20, a semiconductor substrate W is carried 
in by a hand 132-1 of the second robot hand 132 (Step 
SI). The aligner and film thickness measuring instru- 
ment 142 raises the lift 142-2 and transfers the semi- 
conductor substrate onto the lift 142-2 (Step S2). The 
hand 1 32-1 of the second robot 1 32 is retreated (Step 
S3), and the lift is lowered (Step S4). Thus, the semi- 
conductor substrate W is loaded onto the vacuum chuck 
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142-4 (Step S5). 

[0208] Then, while the vacuum chuck 142-4 Is rotat- 
ing, the photomicrosensor 142-1 detects the notch Wa, 
and the vacuum chuck 142-4 positions the notch Wa at 
an arbitrary position in accordance with a subsequent 
treatment (Step S6). If necessary, the eddy current sen- 
sor 142-3 measures the film thickness of the semteon- 
duclor substrate W at an arbitrary point (Step S7). Then, 
when the semiconductor substrate is introduced into the 
plating apparatus, the semiconductor substrate W is po- 
sitioned so that the position of the notch Wa of the sem- 
iconductor substrate W In the plating unit 113 Is fixed 
(Step S8). Thereafter, the vacuum chuck is brought into 
the OFF state (Step S9), and the lift 142-2 is raised to 
transfer the semiconductor substrate W (Step SIC). A 
hand 133-1 of the third robot 133 is inserted (Step S11), 
and the lift 142-2 is lowered (Step SI 2) to transfer the 
semiconductor substrate W to the hand 1 33-1 . Thus, the 
semiconductor substrate W Is taken out (Step S13). 
[0209] In FIGS. 18 and 19, the reference numeral 
142-6 denotes a vacuum pump, and the vacuum pump 
1 42-6 is connected to suction holes of the vacuum chuck 
142-4 via a rotary joint 142-5. The reference numeral 
1 42-7 denotes a motor for rotating the vacuum chuck 
1 42-4, the reference numeral 1 42-9 denotes a motor for 
rotating an arm 142-8 having the eddy current sensor 
142-3 attached thereto, and the reference numeral 
142-10 denotes an actuator for moving the lifter 142-2 
up and down. The reference numeral 142-11 denotes a 
temporary placing table for the semiconductor substrate 
W. The constitution and operation of the aligner and film 
thickness measuring instrument 141 are the same as 
those of the aligner and film thickness measuring Instru- 
ment 142, and their explanations are omitted. 
[0210] The semiconductor substrate W transferred to 
the barrier layer forming unit 111 which is an electroless 
Ru plating apparatus is first given Pd as a catalyst. Pd 
Is applied to the semiconductor substrate W in an 
amount of about 30 ml, and the treatment time is about 
1 minute. After the semiconductor substrate W is 
washed with water, the semiconductor substrate W is 
treated with hydrochloric acid for activation treatment. 
At this time, hydrochloric acid is applied in such a state 
that hydrochloric acid Is a 36% solution in a concentra- 
tion of about 1 00 ml/L and In an amount of about 30 ml, 
with the treatment time being about 1 minute. After the 
semiconductor substrate W is washed with water again, 
electroless Ru plating is perfonned. RuClg - XH2O Is 
used as a ruthenium plating liquid. Treatment is per- 
formed for about 1 0 minutes at a substrate surface tem- 
perature of about 85*C. The film fomriation rate at that 
time is about 2 nm/min. A barrier layer is formed in this 
manner, and the substrate is subjected to a water wash- 
ing step and a spin-drying step, thus completing treat- 
ment. According to these steps, about 20 nm of Ru is 
obtained on Si02 by electroless plating. Formation of 
the barrier layer 1 05 is not limited to electroless plating, 
and this barrier layer may be formed by using CVD , sput- 
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tering or electroplating. The barrier layer is not limited 
to Ru, and any material may be used as long as it can 
achieve the prevention of Cu diffusion Into an interlayer 
insulator film such as TIN. 

[0211] Electroless Cu plating, which Is the seed layer 
fonming unit 112. can employ the same apparatus as the 
electroless Ru plating unit. FIG. 27 is a view showing a 
constitution example of an electroless Cu plating unit. 
The structure of the electroless plating apparatus shown 
in FIG. 27 will be described in detail in an explanation 
for the second aspect of the present invention. 
[0212] In the seed layer fomning unit 112, a semicon- 
ductor substrate W per se is directly heated by a back- 
side heater 315, and kept at a temperature of 70**C, for 
example. A plating liquid heated, for example, to 50*C 
is ejected from a shower head 341 , and the plating liquid 
Is poured over substantially the entire surface of the 
semiconductor substrate W. The amount of the supplied 
plating liquid is such that the thickness of the plating liq- 
uid on the surface of the semiconductor substrate W is 
about 1 mm. The semiconductor substrate W is Instan- 
taneously rotated by a motor M to perform unifomn liquid 
wetting on the surface to be plated, and then a plated 
film Is formed on the surface of the substrate In such a 
state that the semiconductor substrate W is in a station- 
ary state. 

[0213] After seed layer formation treatment is com- 
pleted, the front end of a plating recovery nozzle 365 is 
lowered to an area near the inside of a dam member 
331 located at a face peripheral edge portion of the sem- 
iconductor substrate W to suck in the plating liquid. At 
this time, the semiconductor substrate W is rotated, for 
example, at a rotational speed of 100 rpm or less, and 
hence the liquid remaining on the upper surface of the 
semiconductor substrate W can be gathered in the por- 
tion of the dam member 331 by centrifugal force. Thus, 
the plating liquid can be recovered with good efficiency 
and at a high recovery rate. 

[0214] Then, holding means 311 is lowered to sepa- 
rate the semiconductor substrate W from the dam mem- 
ber 331 , and the rotation of the semiconductor substrate 
W is started and a cleaning liquid (ultrapure water) is 
ejected toward the plated surface of the semiconductor 
substrate W from a nozzle 353 of cleaning liquid supply 
means 351 to cool the plated surface and perfomn dilu- 
tion and cleaning, thereby terminating the electroless 
plating reaction. Next, the semiconductor substrate W 
is rotated at a high speed by the motor M for thereby 
spin-drying, and then the semiconductor substrate W is 
taken out from the holding means 311 . 
[0215] The above electroless plating liquid contains 
CUSO4 • 5H2O, EDTA • 4Na as a complexing agent, 
HCHO as a reducing agent, and NaOH as an alkali for 
pH adjustment so that the pH becomes 1 2.5, and further 
contains a, a'-dipyridyl. The plating temperature is 
about 40 to 80**C. Formation of the seed layer Is not lim- 
ited to electroless plating, and this seed layer can be 
fomried by using CVD, sputtering or electroplating. 
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[021 6] The bevel and backside cleaning unit 1 1 6 can 
perform an edge (bevel) Cu etching and a backside 
cleaning at the same time, and can suppress growth of 
a natural oxide film of copper at the circuit fonnation por- 
5 Won on the surface of the substrate. FIG. 21 shows a 
schematic view of the bevel and backside cleaning unit 
1 1 6. As shown in FIG. 21 . the bevel and backside clean- 
ing unit 116 has a substrate holding portion 222 posi- 
tioned inside a bottomed cylindrical waterproof cover 
10 220 and adapted to rotate a substrate W at a high speed, 
In such a state that the face of the substrate W faces 
upwardly, while holding the substrate W horizontally by 
spin chucks 221 at a plurality of locations along a cir- 
cumferential direction of a peripheral edge portion of the 
15 substrate; a center nozzle 224 placed above a nearly 
central portion of the face of the substrate W held by the 
substrate holding portion 222; and an edge nozzle 226 
placed above the peripheral edge portion of the sub- 
strate W. The center nozzle 224 and the edge nozzle 
226 are directed downward. A back nozzle 228 is posi- 
tioned below a nearly central portion of the backside of 
the substrate W, and directed upward. The edge nozzle 
226 is adapted to be movable in a diametrical direction 
and a height direction of the substrate W. 
[0217] The width of movement L of the edge nozzle 
226 is set such that the edge nozzle 226 can be arbi- 
trarily positioned in a direction toward the center from 
the outer peripheral end surface of the substrate, and a 
set value for L is inputted according to the size, usage, 
or the like of the substrate W. Normally, an edge cut 
width C Is set in the range of 2 mm to 5 mm. In the case 
where a rotational speed of the substrate is a certain 
value or higher at which the amount of liquid migration 
from the backside to the face is not problematic, the cop- 
per film within the edge cut width C can be removed. 
[021 8] Next, the method of cleaning with this cleaning 
apparatus will be described. First, the semiconductor 
substrate W Is horizontally rotated integrally with the 
substrate holding portion 222, with the substrate being 
held horizontally by the spin chucks 221 of the substrate 
holding portion 222. In this state, an acid solution is sup- 
plied from the center nozzle 224 to the central portion 
of the face of the substrate W. The acid solution may be 
a non-oxidizing acid, and hydrofluoric acid, hydrochloric 
acid, sulfuric acid, citric acid, oxalic acid, or the like is 
used. On the other hand, an oxidizing agent solution is 
supplied continuously or intennittently from the edge 
nozzle 226 to the peripheral edge portion of the sub- 
strate W. As the oxidizing agent solution, one of an 
aqueous solution of ozone, an aqueous solution of hy- 
drogen peroxide, an aqueous solution of nitric acid, and 
an aqueous solution of sodium hypochlorite is used, or 
a combination of these is used. 
[0219] In this manner, the copper film, or the like 
formed on the upper surface and end surface in the re- 
gion of the peripheral edge portion C of the semicon- 
ductor substrate W is rapidly oxidized with the oxidizing 
agent solution, and is simultaneously etched with the ac- 
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id solution supplied from the center nozzle 224 and 
spread on the entire face of the substrate, whereby it is 
dissolved and removed. By mixing the acid solution and 
the oxidizing agent solution at the peripheral edge por- 
tion of the substrate, a steep etching profile can be ob- 
tained. In connparlson with a mixture of them which is 
produced In advance being supplied. At this time, the 
copper etching rale is determined by their concentra- 
tions. If a natural oxide film of copper is fomned in the 
circuit-fomned portion on the face of the substrate, this 
natural oxide is immediately removed by the acid solu- 
tion spreading on the entire face of the substrate accord- 
ing to rotation of the substrate, and does not grow any 
more. Afterthe supply of the acid solution from the cent- 
er nozzle 224 is stopped, the supply of the oxidizing 
agent solution from the edge nozzle 226 Is stopped. As 
a result, silicon exposed on the surface is oxidized, and 
deposition of copper can be suppressed. 
[0220] On the other hand, an oxidizing agent solution 
and a silicon oxide film etching agent are supplied si- 
multaneously or alternately from the back nozzle 228 to 
the central portion of the backside of the substrate. 
Therefore, copper or the like adhering in a metal fonn 
to the backside of the semiconductor substrate W can 
be oxidized with the oxidizing agent solution, together 
with silicon of the substrate, and can be etched and re- 
moved with the silicon oxide film etching agent. This ox- 
idizing agent solution is preferably the same as the ox- 
idizing agent solution supplied to the face, because the 
types of chemicals are decreased in number Hydrofluo- 
ric acid can be used as the silicon oxide film etching 
agent, and if hydrofluoric acid is used as the acid solu- 
tion on the face of the substrate, the types of chemicals 
can be decreased in number. Thus, if the supply of the 
oxidizing agent is stopped first, a hydrophobic surface 
Is obtained. If the etching agent solution is stopped first, 
a water-saturated surface (a hydrophilic surface) is ob- 
tained, and thus the backside surface can be adjusted 
to a condition which will satisfy the requirements of a 
subsequent process. 

[0221] In this manner, the acid solution, i.e.. etching 
solution is supplied to the substrate to remove metal 
Ions remaining on the surface of the substrate W. Then, 
pure water is supplied to replace the etching solution 
with pure water and remove the etching solution, and 
then the substrate is dried by spin-drying. In this way, 
removal of the copper film in the edge cut width C at the 
peripheral edge portion on the face of the semiconduc- 
tor substrate, and removal of copper contaminants on 
the backside are perfomried simultaneously to thus allow 
this treatment to be completed, for example, within 80 
seconds. The etching cut width of the edge can be set 
arbitrarily (to 2 mm to 5 mm), but the time required for 
etching does not depend on the cut width. 
[0222] Annealing treatment performed before the 
CMP process and after plating has a favorable effect on 
the subsequent CMP treatment and on the electrk:al 
characteristics of wiring. Observation of the surface of 
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broad wiring (unit of several micrometers) after the CM P 
treatment without annealing showed many defects such 
as microvoids, which resulted in an increase in the elec- 
trical resistance of the entire wiring. Execution of an- 

s nealing ameliorated the increase In the electrical resist- 
ance, in the absence of annealing, thin wiring showed 
no voids. Thus, the degree of grain growth Is presumed 
to be involved in these phenomena. That is, the follow- 
ing mechanism can be speculated: Grain growth is dif- 

10 ficult to occur in thin wiring. In broad wiring, on the other 
hand, grain growth proceeds in accordance with anneal- 
ing treatment. During the process of grain growth, ul- 
traf Ine pores In the plated film, which are too small to be 
seen by the SEM (scanning electron microscope), gath- 

15 er and move upward, thus forming microvoid-like de- 
pressions in the upper part of the wiring. The annealing 
conditions in the annealing unit 114 are such that hydro- 
gen (2% or less) is added In a gas atmosphere, the tem- 
perature Is in the range of 300*C to 400**C, and the time 

20 Is in the range of 1 to 5 minutes. Under these conditions, 
the above effects were obtained. 
[0223] The features of the substrate processing ap- 
paratus having the above-described constitution are 
enumerated as follows: 

25 [0224] Pretreatment, cleaning and drying can be per- 
fonmed in each film forming unit, and no contaminants 
are brought into a next step. 

[0225] In each unit incorporated in the present appa- 
ratus, various chemical liquids are used. Even in the 

30 same unit, different chemical liquids may be selected 
depending on differences in the process. If different 
chemical liquids are mixed, the treating effects of the 
chemical liquids may change, or crystals of compounds 
may be deposited, thus not only affecting the substrate 

35 being treated, but also affecting the process treatment 
of a next semiconductor substrate which will be intro- 
duced subsequently. If the transport means is a robot 
hand, the hand is contaminated. Thus, each time the 
substrate is transported, various chemical liquids ad- 

40 here thereto. 

[0226] Therefore, the present apparatus is character- 
ized In that before transfer to the next unit, i.e., the next 
step In the semiconductor manufacturing apparatus, the 
semiconductor substrate Is subjected in the unittotreat- 

45 ment which allows no chemical liquid for treatment to 
remain, and then the treated semiconductor substrate 
is taken out therefrom. Thus, the chemical liquid is not 
brought into a separate unit. For example, when the sub- 
strate is to be transferred from the electroless plating 

50 unltfor a bamer layerfonmation step to the electroplating 
unit for a plating step for formation of buried wiring, the 
substrate is subjected to cleaning treatment and drying 
treatment in the electroless plating unit. Thus, an alka- 
line electroless plating liquid Is prevented from being 

ss brought Into the electroplating unit in which an acldk: 
plating liquid is used. 

[0227] At the time of transfer of the substrate from the 
plating step to the CMP step, cleaning treatment and 
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drying treatment, as well as plating treatment, are car- 
ried out in the electroplating unit so that the acidic plating 
liquid is not brought into the CMP step. 
[0228] The plated film fomiing unit 11 3 lor pert omning 
a plating step for buried wiring is characterized in that 
treatment with a surface active agent, precoating treat- 
ment, and the like are possible. Because of this charac- 
teristic, pretreatmentcan be performed in the plated film 
forming unit 113 (in the single unit) immediately before 
electroplating, and hence filling of liquid into fine pores 
is improved. Moreover, a cleaning mechanism and a 
spin-drying mechanism are present in the plated film 
fomning unit 113 (in the single unit), and hence the sem- 
iconductor substrate W for intercellular movement can 
be put into a desired wet state such as liquid removal or 
drying. The cleaning mechanism and the spin-drying 
mechanism. In particular, can clean and dry not only the 
semiconductor substrate, but also the seal material and 
the cathode contact, and thus have the effects of re- 
markably decreasing the replacement frequency of 
these expendable members and increasing the contin- 
uous operating time of the entire apparatus. 
[0229] Flexible incorporation of the units and flexible 
construction of the process can be performed in a short 
period of time. FIGS. 22A to 220, 23A and 23B, and 24A 
and 24B are views showing constitution examples In 
which the respective units in the substrate processing 
apparatus are interchangeable. FIGS. 22A and 228 are 
plan views of bed plates for supporting respective units 
constituting the present substrate processing appara- 
tus, FIG. 22C is a front view of the base plate, and FIG. 
22D is a sectional view taken along line A-A of FIG. 22B. 
FIG. 23A is a front view of each unit of the present sub- 
strate processing apparatus, and FIG. 23B is a sectional 
view taken along line B-B of FIG. 23A. FIG. 24A is a 
front view showing a state in which each unit of the 
present substrate processing apparatus is placed on the 
base plate, and FIG. 24B is a sectional view taken along 
line C-C of FIG. 24A. 

[0230] As shown in the drawings, two rails (compris- 
ing, for example, SUS material) 302, 302 are placed on 
an upper surface of a bed plate 300 for placing thereon 
each unit 301 of the present substrate processing ap- 
paratus, in parallel and with nan^ower spacing than the 
frontage dimension D of each unit 301 so as to be placed 
in the bed plate 300 (the upper surface of the bed plate 
300 is substantially flush with the upper surfaces of the 
rails 302, 302). At an intennediate position between the 
rails, one guide bar (comprising, for example, nylon res- 
in material) 303 is placed so as to protrude from the up- 
per surface of the bed plate 300. The bottom of each 
unit 301 is double-bottomed, and four rollers 304 are at- 
tached to an upper bottom portion 305 by screws 308, 
while a groove 307 to be engaged with the guide bar 
303 is provided in a lower bottom portion 306. The height 
of each roller 304 can be adjusted by the screw 308. 
[0231] The screw 308 is adjusted to adjust a bottom 
portion of each roller 304 so as to protrude slightly (e.g. 



by about 1 mm) from the lower bottom portion 306. In 
this state, when the unit 301 is inserted such that the 
guide bar 303 is engaged with the groove 307 of the 
lower bottom portion 306 of the unit 301 , the unit 301 is 
5 guided by the guide bar and settles at a predetermined 
position. In this state, a gap d corresponding to a pro- 
trusion of the roller 304 exists between the lower bottom 
portion 306 and the upper surface of the bed plate 300, 
as shown in FIG. 24A. Each screw 308 is loosened in 
10 such a state that each unit 301 is settled at the prede- 
termined position for thereby retracting each roller 304, 
and thus the lower bottom portion 306 of the unit 301 
contacts the upper surface of the bed plate 300 (not 
shown). In this state, each unit 301 is fixed to the bed 
15 plate 300 by fixing screws (not shown). 

[0232] Each unit is loaded such that its carry-in and 
canry-out opening is directed in the direction of the trans- 
port robots 131 to 134 (see FIG. 16). The width of each 
unit 300 facing the robot, i.e., the frontage dimension D, 
20 is of the same size. During loading, the unit is inserted 
along the rails 302, 302 onto the unit loading surface of 
the bed plate 300 of the present apparatus as described 
above, and thus the unit can be easily loaded. The load- 
ed unit 301 may be pulled in the reverse direction when 
25 it is removed from the body of the apparatus. 

[0233] Inthefieldof semiconductormanufacturing, in- 
novations in techniques are making rapid progress. By 
imparting an easily replaceable structure to each unit 
301 constituting the apparatus as described above, 
30 some of the units 301 can be easily replaced with new 
units, without the need to replace the entire apparatus. 
Thus, renewal of the functions of the entire apparatus 
can be achieved at a low cost in a short period of time. 
Also, on the precondition that the unit 301 will be re- 
35 placed in the above manner, the apparatus is designed 
such that the control system can easily cope with the 
replacement. The present apparatus can freely set 
whether a process treatment is performed or not in the 
loaded unit 301 (skip function for the unit), and can freely 
40 set a treatment route of the semiconductor substrate W 
(sequence of use of the units): Thus, not only in case 
the unit has been replaced, but also in case treatment 
should be perfomned by a different process, the func- 
tions of the apparatus can be flexibly modified. Particu- 
45 larly, in order to meet demands for manufacturing of a 
wide variety of products, and low volume production in 
recent years, it has become important to possess many 
kinds of small scale lines. Thus, the above structure 
which enables necessary units to be easily and freely 
50 combined is particularly useful. 

[0234] FIG. 25 is a view showing plan layout consti- 
tution of another embodiment of the substrate process- 
ing apparatus according to the present invention. The 
present substrate processing apparatus is such a sub- 
55 strate processing apparatus applicable to small-scale, 
low volume production of a wide variety of products, like 
manufacturing of system LSIs required for digital infor- 
mation household electrical appliances. In the substrate 
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processing apparatus, there are provided a first plated 
film forming unit 401 , a second plated filnn forming unit 
402, a bevel and backside cleaning unit 403, an anneal- 
ing unit 404, an aligner and film thickness measuring 
unit 405, and a loading and unloading section 408 such 
that they sun-ound a first robot 406 and a second robot 
407. Two indexers 409, 409 are placed on the loading 
and unloading section 408, and a cassette 41 0 can be 
placed on each of the indexers. In FIG. 25, the reference 
numeral 411 denotes a chemical liquid supply unit, the 
reference numeral 412 an electrical component unit, the 
reference numeral 41 3 a touch panel, and the reference 
numeral 414 a duct for air intake or exhaust. 
[0235] The indexer 409 is such a mechanism which 
can raise and lower a cassette placed thereon to posi- 
tion the cassette in a height direction In alignment with 
a substrate taken out by the first robot 406. The first ro- 
bot 406 accesses the same height position. In the 
present substrate processing apparatus, the first robot 
406 takes out the substrate, which has a bamer layer 
and a seed layer fomied by another apparatus, from the 
cassette 41 0 on the indexer 409, and transports it to the 
aligner and film thtekness measuring unit 405. After 
alignment of the notch and film thickness measurement 
before film formation are perfonmed by the aligner and 
film thickness measuring unit 405, the second robot 407 
takes out the substrate from the aligner and film thick- 
ness measuring unit 405, and transports it to the first 
plated film forming unit 401 or the second plated film 
fomriing unit 402 where copper plating is applied. 
[0236] The substrate to which copper plating has 
been applied, is transported by the second robot 407 to 
the aligner and film thickness measuring unit 405, and 
the film thickness of the substrate after plating is meas- 
ured with the aligner and film thtokness measuring unit 
405. The first robot 406 takes out the substrate from the 
aligner and film thickness measuring unit 405, and 
transports it to the bevel and backside cleaning unit 403. 
After the substrate is cleaned in the bevel and backside 
cleaning unit 403, it is transported to the annealing unit 
404. After the substrate is annealed in the annealing unit 
404, the first robot 406 returns the substrate whfch has 
been cleaning to the cassette 410 on the indexer 409. 
[0237] The first plated film forming unit 401 and the 
second plated film fonning unit 402 may be set for the 
same process, and plating treatment of a plurality of 
substrates may be perfomned in parallel. Attematively, 
different processes may be used in the first plated film 
fonning unit 401 and the second plated film forming unit 
402, and during one of the processes, one of the units 
may be kept at rest, while only the other unit may be 
used. Also, the annealing unit 404 and the bevel and 
backside cleaning unit 403 can be replaced with plated 
film fonning units for performing different processes. 
[0238] In the present substrate processing apparatus, 
the width of sides 401 a^ 402a of the first plated film fonn- 
ing unit 401 and the second plated film fonning unit 402 
facing the second robot 407, namely the frontage di- 



mension D is of the same size as the frontage dimension 
of the annealing unit 404, the bevel and backside clean- 
ing unit 403. the aligner and film thickness measuring 
unit 405, the cleaning units 115, 118, the seed layer 

5 fonning unit 112, the barrier layer fonning unit 111, the 
cover plafing unit 117, the aligner and film thickness 
measuring units 141 , 142, the film thickness measuring 
unit 146, the substrate reversing machines 143, 144, 
and the temporary placing table 1 45 of FIG . 1 6 (although 

10 the frontage dimension in some parts is not shown to be 
of the same size In the drawing). Thus, when a new proc- 
ess is to be introduced, these units can be easily re- 
placed by other units, and hence renewal of the appa- 
ratus can be perfomned at a low cost in a short time. The 

15 aligner and film thickness measuring unit 405 is also of 
the same size as the frontage dimension of other units, 
and they are interchangeable. 
[0239] With the above-described layout of the sub- 
strate processing apparatus which Is mainly adopted, a 

20 plurality of the substrate processing apparatuses are in- 
stalled in the plant, and the constitutions of the units to 
be loaded thereon are changed, whereby the appara- 
tuses can be used in different wiring processes. In case 
that high volume production is required temporarily, the 

25 apparatuses can be rapidly modified into substrate 
processing apparatuses composed of the same units to 
meet the requirement. 

[0240] In the foregoing explanations of the embodi- 
ments, an example for fonning the plated Cu film 106 
30 by electroplating has been described, but the plated Cu 
film 106 can be fomned by electroless plafing. 
[0241] According to the first aspect of the present in- 
vention as described above, the following excellent ef- 
fects can be obtained. 

35 

(1 ) Processing in which metal plating is applied onto 
a semkionductor substrate having a groove and/or 
a hole for a wiring pattern formed on a surface there- 
of, and having a barrier layer and a power supply 

40 seed layer formed thereon, the barrier layer, the 
power supply seed layer and a plated metal film are 
polished and removed, and the substrate is cleaned 
and dried to fonn interconnects, can be performed 
continuously by one apparatus. Thus, compared 

45 with a case in which respective processing steps 
are performed by separate apparatuses, the entire 
apparatus can be compact, a wide installation 
space is not needed, the Initial cost and running cost 
for the apparatus can be decreased, and intercon- 

50 nects can be fonned in a short processing time. 

(2) Processing in which a power supply seed layer 
and a plated metal film are applied onto a semicon- 
ductor substrate having a groove and/or a hole for 
a wiring pattern fonned on a surface thereof, and 

55 having a barrier layer fonned thereon, the power 
supply seed layer and the plated metal film are pol- 
ished and removed, and the substrate is cleaned 
and dried to fomri interconnects, can be perfonned 
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continuously by one apparatus. Thus, compared 
with a case In which respective processing steps 
are performed by separate apparatuses, the entire 
apparatus can be compact, a wide installation 
space is not needed, the initial cost and running cost s 
for the apparatus can be decreased, and intercon- 
nects can be fomned in a short processing time. 

(3) Processing in which a barrier layer, a power sup- 
ply seed layer and a plated metal film are applied 
onto a semiconductor substrate having a groove io 
and/or a hole for a wiring pattern formed on a sur- 
face thereof, the barrier layer, the power supply 
seed layer and the plated metal film are polished 
and removed, and the substrate is cleaned and 
dried to fonn interconnects, can be performed con- is 
tinuously by one apparatus. Thus, compared with a 
case in which respective processing steps are per- 
formed by separate apparatuses, the entire appa- 
ratus can be compact, a wide installation space is 

not needed, the Initial cost and njnning cost for the 20 
apparatus can be decreased, and interconnects 
can be formed in a short processing time. 

(4) By recording the results of measurement of the 
film thicknesses, the remaining film, and the initial 
film thicknesses of the respective layers measured 25 
with the film thickness measuring section and the 
remaining film measuring section, it is possible to 
utilize the records as data for controlling the treat- 
ment time of a subsequent step, and as data for 
judging the good or poor state of each treatment 30 
step, or Judging whether the semiconductor sub- 
strate after completion of the interconnect formation 
treatment Is good or poor. 

(5) It is possible to provide a substrate processing 
apparatus which can easily cope with a change In 35 
the substrate treatment process, and can achieve 
renewal of the function of the entire substrate 
processing apparatus at a low cost in a short time. 

(6) While a substrate holding portion is holding a 
semiconductor substrate faceup, a plating liquid Is 40 
filled between a surface to be plated and an anode 

of an electrode arm portion to perform plating treat- 
ment. After plating treatment, the plating liquid be- 
tween the surface to be plated and the anode of the 
electrode ami portion Is discharged, and the elec- 45 
trode arm portion Is raised to release the plated sur- 
face. Thus, other treatments associated with plating 
treatment, such as pretreatment and cleaning and 
drying treatment, can be performed before and after 
plating treatment, while the semiconductor sub- so 
strate is being held by the substrate holding portion. 

(7) The precoating treatment, plating treatment and 
water washing treatment can be perfomned by a 
plating unit, thus improving time efficiency. 

(8) Since the respective units are adapted to be In- 55 
terchangeable, the apparatus can freely and easily 
deal with changes in the substrate treatment proc- 
ess, and renewal of the functions of the entire sub- 



strate processing apparatus can be achieved at a 
low cost in a short time. 

(9) Processing in which metal plating is applied onto 
a semiconductor substrate having a groove and/or 
a hole for a wiring pattem formed on a surface there- 
of, and having a barrier layer and a power supply 
seed layer formed thereon, the banner layer, the 
power supply seed layer, and a plated metal film are 
polished and removed, and the substrate is cleaned 
and dried to fomn interconnects, can be performed 
continuously by one apparatus. Thus, compared 
with a case in which respective treatment steps are 
perfomned by separate apparatuses, the entire ap- 
paratus can be compact, a wide Installation space 
is not needed, the initial cost and running cost for 
the apparatus can be decreased, and interconnects 
can be fonned in a short processing time. 

(1 0) Processing In which a power supply seed layer 
and a plated metal film are applied onto a semrcon- 
ductor substrate having a groove and/or a hole for 
a wiring pattern formed on a surface thereof, and 
having a barrier layer formed thereon, the power 
supply seed layer and the plated metal film are pol- 
ished and removed, and the substrate is cleaned 
and dried to fonn interconnects, can be performed 
continuously. Thus, interconnects can be formed in 
a short processing time. 

(11) Processing in which a barrier layer, a power 
supply seed layer and a plated metal film are ap- 
plied onto a semiconductor substrate having a 
groove and/or a hole for a wiring pattern formed on 
a surface thereof, the power supply seed layer and 
the plated metal film are polished and removed, and 
the substrate is cleaned and dried to form intercon- 
nects, can be performed continuously. Thus, inter- 
connects can be formed in a short processing time. 

[0242] Next, a second aspect of the present invention 
will be described in detail with reference to FIGS. 26A, 
26B, 26C to 29. An electroless plating apparatus ac- 
cording to this embodiment is used, for example, to form 
a seed layer or wiring comprising a copper layer by ap- 
plying electroless copper plating onto the surface of a 
semiconductor substrate W. An example of this plating 
process will be described with reference to FIGS. 26A 
to 26C. 

[0243] In the semiconductor substrate W, as shown 
in FIG. 26A, an insulating film 2 comprising SIO2 is de- 
posited on a conductive layer 1a of a substrate 1 on 
which semiconductor devices are fomied, a via hole 3 
and a trench 4 for an interconnect are fonned by lithog- 
raphy and etching technology, a ban'ier layer 5 compris- 
ing TIN or the like is formed thereon, and a seed layer 
7 Is further fonned thereon by electroless copper plating. 
The seed layer 7 may be fomned beforehand by sputter- 
ing, and a reinforcing seed layer for reinforcing the seed 
layer 7 may be fonned thereon by electroless copper 
plating. As shown in FIG. 268, copper plating is applied 
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onto the surface of the semiconductor substrate W to fill 
copper Into the via hole 3 and the trench 4 of the semi- 
conductor substrate W and deposit a copper layer 6 on 
the insulating film 2. Thereafter, the copper layer 6 on 
the insulating film 2 is removed by chemical mechanical 
polishing (CMP) to make the surface of the copper layer 
6, filled into the via hole 3 and the trench 4 for an inter- 
connect, flush with the surface of the insulating film 2, 
as shown in FIG. 26C. An interconnect protective film 8 
is fornied on the exposed metal surface. The reinforcing 
seed layer can be formed by electroless plating as stat- 
ed above, but can also be fornied by electroplating. 
When the reinforcing seed layer is to be formed by elec- 
troplating, it can be formed by the plated metal film fomn- 
ing unit of the present invention, but can also be formed 
by a so-called cup-type electroplating unit which per- 
fornis electroplating while holding a surface, to be plat- 
ed, of the substrate so as to face downward. 
[0244] FIG. 27 is a schematic constitution drawing of 
the electroless plating apparatus of the present inven- 
tion. As shown in FIG. 27, this electroless plating appa- 
ratus comprises holding means 311 for holding a semi- 
conductor substrate W to be plated on its uppersurface, 
a dam member (plating liquid holding mechanism) 331 
for contacting a peripheral edge portion of a surface to 
be plated (upper surface) of the semiconductor sub- 
strate W held by the holding means 311 to sea! the pe- 
ripheral edge portion, and a shower head (an electroless 
plating treatment liquid (scattering) supply means) 341 
for supplying a plating liquid (an electroless plating treat- 
ment liquid) to the surface, to be plated, of the semicon- 
ductor substrate W having the peripheral edge portion 
sealed with the dam member 331 . The electroless plat- 
ing apparatus further comprises cleaning liquid supply 
means 351 disposed near an upper outer periphery of 
the holding means 31 1 for supplying a cleaning liquid to 
the surface, to be plated, of the semiconductor substrate 
W, a recovery vessel 361 for recovering a cleaning liquid 
or the like (plating waste liquid) discharged, a plating 
liquid recovery nozzle 365 for sucking in and recovering 
the plating liquid held on the semiconductor substrate 
W, and a motor (rotational drive means) M for rotation- 
ally driving the holding means 31 1 . The respective mem- 
bers will be described below. 

[0245] The holding means 311 has a substrate plac- 
ing portion 31 3 on its uppersurface for placing and hold- 
ing the semiconductor substrate W. The substrate plac- 
ing portion 313 is adapted to place and f ix the semicon- 
ductor substrate W. Specifically, the substrate placing 
portion 313 has a vacuum attracting mechanism (not 
shown) for attracting the semiconductor substrate W to 
a backside thereof by vacuum suction. A backside heat- 
er (heating means) 315, which is planar and heats the 
surface, to be plated, of the semiconductor substrate W 
from underside to keep it warm, is installed on the back- 
side of the substrate placing portion 313. The backside 
heater 315 is composed of, for example, a rubber heat- 
er. This holding means 311 is adapted to be rotated by 



the motor M and is movable vertically by raising and low- 
ering means (not shown). 

[0246] The dam member 331 is tubular, has a seal 
portion 333 provided in a lower portion thereof for seal- 
5 ing the outer peripheral edge of the semiconductor sub- 
strate W, and is installed so as not to move vertically 
from the illustrated position. 

[0247] The shower head 341 is of a structure having 
many nozzles provided at the front end for scattering the 

10 supplied plating liquid in a shower fomn and supplying it 
substantially uniformly to the surface, to be plated, of 
the semiconductor substrate W. The cleaning liquid sup- 
ply means 351 has a structure for ejecting a cleaning 
liquid from a nozzle 353. 

15 [0248] The plating liquid recovery nozzle 365 is adapt- 
ed to be movable upward and downward and swingable, 
and the front end of the plating liquid recovery nozzle 
365 is adapted to be lowered inwardly of the dam mem- 
ber 331 located on the upper surface peripheral edge 

20 portion of the semiconductor substrate W and to suck 
in the plating liquid on the semiconductor substrate W. 
[0249] Next, the operation of the electroless plating 
apparatus will be described. First, the holding means 
31 1 is lowered from the illustrated state to provide a gap 

25 of a predetenmined dimension between the holding 
means 311 and the dam member 331 , and the semicon- 
ductor substrate W is placed on and fixed to the sub- 
strate placing portion 313. An 8 inch wafer, for example, 
is used as the semiconductor substrate W. 

30 [0250] Then, the holding means 31 1 is raised to bring 
its upper surface into contact with the lower surface of 
the dam member 331 as illustrated, and the outer pe- 
riphery of the semiconductor substrate W is sealed with 
the seal portion 333 of the dam member 331 . At this 

35 time, the surface of the semiconductor substrate W is in 
an open state. 

[0251] Then, the semiconductor substrate W itself is 
directly heated by the backside heater 31 5 to render the 
temperature of the semiconductor substrate W, for ex- 

40 ample, 70''C (maintained until termination of plating). 
Then, the plating liquid heated, for example, to 50°C is 
ejected from the shower head 341 to pour the plating 
liquid over substantially the entire surface of the semi- 
conductor substrate W. Since the surface of the semi- 

45 conductor substrate W is surrounded by the dame mem- 
ber 331 , the poured plating liquid is all held on the sur- 
face of the semiconductor substrate W. The amount of 
the supplied plating liquid may be a small amount which 
will become a 1 mm thickness (about 30 ml) on the sur- 

50 face of the semiconductor substrate W. The depth of the 
plating liquid held on the surface to be plated may be 1 0 
mm or less, and may be even 1 mm as in this embodi- 
ment. If a small amount of the supplied plating liquid is 
sufficient as in the present embodiment, the heating ap- 

55 paratus for heating the plating liquid may be of a small 
size. In this embodiment, the temperature of the semi- 
conductor substrate W is raised to 70*C. and the tem- 
perature of the plating liquid is raised to 50**C by heating. 
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Thus, the surface, to be plated, of the semiconductor 
substrate W becomes, for example. 60*C, and hence a 
temperature optimal for a plating reaction in this embod- 
iment can be achieved. If the semiconductor substrate 
W itself is adapted to be heated as described above, the 
temperature of the plating liquid requiring a great electric 
power consumption for heating need not be raised so 
high. This is preferred, because the electric power con- 
sumption can be decreased, and a change in the prop- 
erty of the plating liquid can be prevented. The electric 
power consumption for heating of the semiconductor 
substrate W itself may be small, and the amount of the 
plating liquid stored on the semiconductor substrate W 
is also small. Thus, heat retention of the semiconductor 
substrate W by the backside heater 315 can be per- 
formed easily, and the capacity of the backside heater 
31 5 may be small , and the apparatus can be made com- 
pact. If means for directly cooling the semiconductor 
substrate W itself is used, switching between heating 
and cooling may be performed during plating to change 
the plating conditions. Since the plating liquid held on 
the semiconductor substrate Is in a small amount, tem- 
perature control can be perfonned with good sensitivity. 
[0252] The semiconductor substrate W is instantane- 
ously rotated by the motor M to perform unifomn liquid 
wetting of the surface to be plated, and then plating of 
the surface to be plated is perfonned in such a state that 
the semiconductor substrate W is in a stationary state. 
Specifically, the semiconductor substrate W Is rotated 
at 1 00 rpm or less for only 1 second to unifomily wet the 
surface, to be plated, of the semiconductor substrate W 
with the plating liquid. Then, the semiconductor sub- 
strate W is kept stationary, and electroless plating is per- 
formed for 1 minute. The instantaneous rotating time is 
10 seconds or less at the longest. 
[0253] After completion of the plating treatment, the 
front end of the plating liquid recovery nozzle 365 is low- 
ered to an area near the inside of the dam member 331 
on the peripheral edge portion of the semiconductor 
substrate W to suck In the plating liquid. At this time, if 
the semiconductor substrate W Is rotated at a rotational 
speed of, for example, 1 00 rpm or less, the plating liquid 
remaining on the semiconductor substrate W can be 
gathered in the portion of the dam member 331 on the 
peripheral edge portion of the semiconductor substrate 
W undercentrifugal force, so that recovery of the plating 
liquid can be perf omned with a good efficiency and a high 
recovery rate. The holding means 31 1 is lowered to sep- 
arate the semiconductor substrate W from the dam 
member 331 . The semiconductor substrate W is started 
to be rotated, and the cleaning liquid (ultrapure water) 
is jetted at the plated surface of the semiconductor sub- 
strate W from the nozzle 353 of the cleaning liquid sup- 
ply means 351 to cool the plated surface, and simulta- 
neously perform dilution and cleaning, thereby stopping 
the electroless plating reaction. At this time, the cleaning 
liquid jetted from the nozzle 353 may be supplied to the 
dam member 331 to perform cleaning of the dam mem- 



ber 331 at the same time. The plating waste liquid at this 
time is recovered into the recovery vessel 361 and dis- 
carded. 

[0254] The plating liquid once used is not reused, but 
5 thrown away. As stated above, the amount of the plating 
liquid used in this apparatus can be made very small, 
compared with that in the prior art. Thus, the amount of 
the plating liquid which is discarded is small, even with- 
out reuse. In some cases, the plating liquid recovery 
10 nozzle 365 may not be installed, and the plating liquid 
which has been used may be recovered as a plating 
waste liquid into the recovery vessel 361 , together with 
the cleaning liquid. 

[0255] Then, the semiconductor substrate W is rotat- 
es ed at a high speed by the motor M for spin-drying, and 
then the semiconductor substrate W is removed from 
the holding means 311. 

[0256] FIG. 28 is a schematic constitution drawing of 
an electroless plating apparatus constituted using an- 

20 Other embodiment of the present invention. The embod- 
iment of FIG. 28 is different from the aforementioned 
embodiment in that instead of providing the backside 
heater 315 in the holding means 311. lamp heaters 
(heating means) 317 are disposed above the holding 

25 means 311, and the lamp heaters 317 and a shower 
head 341-2 are Integrated. For example, a plurality of 
ring-shaped lamp heaters 317 having different radii are 
provided concentrically, and many nozzles 343-2 of the 
shower head 341 -2 are open in a ring fomn from the gaps 

30 between the lamp heaters 31 7. The lamp heaters 31 7 
may be composed of a single spiral lamp heater, or may 
be composed of other lamp heaters of various structures 
and an-angements. 

[0257] Even with this constitution, the plating liquid 
35 can be supplied from each nozzle 343-2 to the surface, 
to be plated, of the semiconductor substrate W substan- 
tially unlfonmly in a shower fomn. Further, heating and 
heat retention of the semiconductor substrate W can be 
performed by the lamp heaters 317 directly unrfomnly. 
40 The lamp heaters 31 7 heat not only the semiconductor 
substrate W and the plating liquid, but also ambient air, 
thus exhibiting a heat retention effect on the semicon- 
ductor substrate W. 

[0258] Direct heating of the semiconductor substrate 
45 w by the lamp heaters 317 requires the lamp heaters 
317 with a relatively large electric power consumption. 
In place of such lamp heaters 317, lamp heaters 317 
with a relatively small electric power consumption and 
the backside heater 31 5 shown in FIG. 27 may be used 
50 in combination to heat the semiconductor substrate W 
mainly with the backside heater 31 5 and to perform heat 
retention of the plating liquid and ambient air mainly by 
the lamp heaters 317. In the same manner as in the 
aforementioned embodiment, means for directly or indi- 
55 rectly cooling the semiconductor substrate W may be 
provided to perform temperature control. 
[0259] Plating was actually perfonned using the elec- 
troless plating apparatus shown in FIG. 27 and the con- 
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ventional eleclroless plating apparatus shown in FIG. 
41, and the results were compared. The conditions for 
and the results of the experiments are shown below. 

[Electroless Cu plating sample] 

[0260] An 8 inch semiconductor substrate has a bar- 
rier layer of TaN (30 nm) and a seed layer (film applied 
all over) of Cu (50 nm) formed on silicon. 

[Plating specifications] 

[0261] 

(1) Plating method according to the present inven- 
tion Process: A semiconductor substrate W is set 
on the holding meahs 311 heated by the backside 
heater 315 (70*'C), and the dam member 331 is set 
on the semiconductor substrate W. Then, the plat- 
ing liquid (50**C) is supplied for 5 seconds in an 
amount of only 30 ml from the shower head 341 in 
such a state that the semiconductor substrate W is 
in a stationary state. Thereafter, the semiconductor 
substrate W is rotated at 1 00 rpm for only 1 second 
to wet the surface of the semiconductor substrate 
W unifonnly with the plating liquid, and the semicon- 
ductor substrate W is held in a stationary state for 
1 minute. Then, the plating liquid is recovered by 
the plating liquid recovery nozzle 365, and then the 
dam member 331 is separated from the surface of 
the semiconductor substrate W. While the semicon- 
ductor substrate W is being rotated (800 rpm), the 
cleaning liquid (ultrapure water) is supplied onto the 
surface of the semiconductor substrate W for 30 
seconds for water washing, thereby stopping a plat- 
ing reaction. Supply of the cleaning liquid is 
stopped, and the semiconductor substrate W is 
spin-dried (1000 rpm, 30 sec) and then taken out. 

(2) Plating method according to a conventional ex- 
ample Process: A semiconductor substrate W is set 
on the holding means 81 , and a plating liquid of 
70®C Is dripped onto the center of the semiconduc- 
tor substrate W for 1 minute (600 ml/min) in such a 
state that the semiconductor substrate W is rotated 
at 40 rpm. After dripping of the plating liquid is fin- 
ished, a cleaning liquid (ultrapure water) is supplied 
onto the surface of the semiconductor substrate W 
for 30 seconds, while the semiconductor substrate 
W is continued to be rotated, thus perfomning water 
washing and stopping the plating reaction. Then, 
the semiconductor substrate W is withdrawn from 
the holding means 81 , and dried separately with a 
dryer. 

[0262] FIGS. 29A and 29B are views showing the re- 
sults of measurement of the film thicknesses, on the X 
axis, of semiconductor substrates W subjected to the 
electroless plating according to the above respective 



methods. FIG. 29A is a view showing electroless Cu film 
thickness inplane distribution according to the present 
plating method, and FIG. 29B is a view showing elec- 
troless Cu film thk:kness inplane distribution according 

5 to the conventional plating method. In FIGS. 29A and 
29B, the horizontal axis represents locations of the wa- 
fer (substrate), while the vertical axis represents the 
thickness of the plated film. As shown in FIGS. 29A and 
298, in the plating method according to the present in- 

10 vention, the film thickness is uniform throughout the 
semiconductor substrate W. Whereas in the plating 
method according to the conventional example, the film 
thickness is extremely smaller at the center of the sem- 
iconductor substrate W. The plating method according 

15 to the present invention was verified to improve the In- 
plane unifomnity of the plated film thickness remarkably. 
[0263] The embodiment of the present invention has 
been described above, but the present invention is not 
limited to the above embodiment, and various modifica- 

20 tions are possible within the scope of the claims and the 
scope of the technical ideas described in the specifica- 
tion and drawings. For example, the'electroless plating 
apparatus according to the present invention is not lim- 
ited to the fomnation of a seed layer and a copper layer 

25 for interconnects, but can be used in the fomnation of a 
wiring protective film. 

[0264] Further, the electroless plating apparatus ac- 
cording to the present invention can also be used in the 
pretreatment step and the catalyst treatment step for 

30 electroless plating. That is, in the above embodiment, 
for example, electroless plating was performed by sup- 
plying an electroless plating liquid from the shower head 
341 to the surface, to be plated, of the semiconductor 
substrate W. However, other electroless plating treat- 

35 ment liquid for use in the pretreatment step or the cata- 
lyst treatment step for electroless plating may be sup- 
plied from the shower head 341 before the electroless 
plating liquid supply step. Thus, these treatment steps 
can also be performed by this electroless plating appa- 

40 ratus, together with the electroless plating step. 

[0265] In the above embodiment, plating was carried 
out In such a state that the plating liquid is held on the 
surface to be plated, and the substrate is kept stationary. 
However, the substrate may be rotated slowly to such a 

45 degree that uneven plating does not occur. 

[0266] Furthemiore, the shower head is not restric- 
tive, if the plating liquid can be supplied in a scattered 
manner to the surface to be plated. For example, there 
may be provided a nozzle which supplies the plating llq- 

50 uid while performing a swinging motion or a translational 
motion. 

[0267] In the above embodiment, cleaning was per- 
formed in the cleaning step after plating by supplying 
the cleaning liquid while the holding means 311 is kept 
55 to be separated from the dam member 331 . However, 
the cleaning may be perfomned by supplying the clean- 
ing liquid while the holding means 311 is not separated 
from the dam member 331 , and by causing the cleaning 
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liquid to overflow from the upper edge of the dam mem- 
ber 331 . When the plating liquid remaining inside is di- 
luted by supplying the cleaning liquid, the liquid temper- 
ature is simultaneously lowered, whereupon the elec- 
troless plating reaction comes to an end. Incidentally, 5 
the holding means 311 and the dam member 331 may 
be separated by raising the dam member 331 , instead 
of lowering the holding means 311 . 
[0268] During heating of the semiconductor substrate 
W by the backside heater 315 (especially during the pe- io 
riod from start of heating to contact of the plating liquid 
with the surface) , it is desirable to blow an inert gas such 
as an argon (Ar) gas onto the surface, to be plated, of 
the semiconductor substrate W in order to prevent oxi- 
dation. If a seed layer formed by sputtering or the like is '5 
exposed at the surface of the semiconductor substrate 
W, heating of the seed layer may result in the oxidation 
of the surface of the seed layer. Thus, the use of such 
a gas is particularly effective when it is attempted to pre- 
vent the oxidation and fomn a plated layer of more uni- 20 
fomn film thickness on the seed layer 
[0269] In the above embodiment, the backside heater 
315 or the lamp heater 317 was used as the heating 
means for the semiconductor substrate W, but a heater 
may be further provided at other position close to the 25 
substrate. Moreover, Instead of using the heater, or in 
addition to the use of the heater, the temperature of sur- 
roundings for performing electroless plating may be 
made substantially equal to the electroless plating treat- 
ment temperature (the temperature preferred for plating 30 
of the surface, to be plated which is the reaction sur- 
face), whereby heat dissipation can be prevented to 
keep the treatment temperature constant. In this case, 
a heated gas may be supplied in the surroundings of the 
substrate, for example. 

[0270] In the above embodiment, the step of instan- 
taneously rotating the substrate was used as the step 
of bringing the electroless plating treatment liquid sup- 
plied onto the surface, to be plated, of the substrate in 
contact with the surface to be plated. Other steps may 40 
be the step of spreading the electroless plating treat- 
ment liquid all over the surface to be plated, by moving 
the substrate, or moving the supplied electroless plating 
treatment liquid. That is, the step of moving the sub- 
strate is, for example, to vibrate or swing (shakingly ^5 
move) the substrate to which the electroless plating 
treatment liquid is supplied. The step of moving the sup- 
plied electroless plating treatment liquid is, for example, 
to rake the supplied electroless plating treatment liquid 
by using a raking member, or to blow air onto the liquid 50 
surface. 

[0271] As described in detail above, the second as- 
pect of the present invention offers the following excel- 
lent effects: 

55 

(1 ) The electroless plating treatment liquid is stored 
and held on the surface to be plated for a predeter- 
mined time to treat the surface to be plated. Thus, 



treatment of the surface can be perfomned using a 
small amount of the electroless plating treatment 
liquid, so that a cost reduction can be achieved. Fur- 
ther, a pump of a small size can be used as a pump 
for supplying the electroless plating treatment liq- 
uid, the electroless plating apparatus can be made 
compact, and the cost for a clean room housing the 
apparatus can be reduced. Since a small amount 
of the electroless plating treatment liquid is used, 
heating and wamnth retention of the electroless plat- 
ing treatment liquid can be easily and promptly per- 
fomned. Furthermore, there is no need to constantly 
heat a large amount of the electroless plating treat- 
ment liquid, and hence deterioration of the electro- 
less plating treatment liquid is not promoted. 

(2) Since the amount of the electroless plating treat- 
ment liquid used may be small, discarding this liquid 
as it is does not lead to a cost increase. A fresh elec- 
troless plating treatment liquid can be always used, 
and the composition of the treatment liquid can be 
made constant. By-products generated when the 
liquid is used in a circulated manner are not depos- 
ited in the system, and stable treatment such as 
plating can be earned out easily. A liquid analyzer 
or a liquid adjuster for the plating liquid becomes 
unnecessary, and a decrease in the equipment cost 
and a decrease in the clean room cost can be 
achieved. Since a large amount of the electroless 
plating treatment liquid is not used in a circulated 
manner, particles are difficult to be generated from 
the constituent members of the apparatus, thus ob- 
viating the need for a filter. 

(3) Because treatment is performed in such a state 
that the electroless plating treatment liquid is held 
on the surface to be plated, the treatment conditions 
for the respective parts of the surface to be plated 
can be equalized, in comparison with a case in 
which treatment is performed in such a state that 
the electroless plating treatment liquid is dripped 
onto the surface to be plated. Consequently, the in- 
plane unifonnity of the thickness of the resulting 
plated film can be achieved. Particularly, when 
treatment is perfomned in such a state that the sub- 
strate is in a stationary state, heat dissipation due 
to the peripheral speed of the substrate does not 
take place, the reaction temperature can be uni- 
f omnlzed without a fail in the temperature, and a sta- 
ble process can be obtained, in comparison with a 
case in which the treatment is perfomied in such a 
state that the substrate is rotated. 

(4) The electroless plating treatment liquid is 
brought into contact with the surface, to be plated, 
of the substrate in such a state that the substrate is 
heated to a temperature higher than the tempera- 
ture of the electroless plating treatment liquid. Thus, 
the temperature of the plating liquid requiring a 
great electric power consumption for heating need 
not be raised so much, and the electric power con- 
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sumption can be decreased, and change of the 
composition of the plating liquid can be prevented. 

(5) In the case where electroless plating treatment 
liquid supply means is provided above the surface 
to be plated, and adapted to supply the electroless 
plating treatment liquid in a scattered state, the 
electroless plating treatment liquid can be simulta- 
neously supplied to the entire surface, to be plated, 
of the substrate substantially uniformly, and temper- 
ature control of the electroless plating treatment liq- 
uid can be performed stably. 

(6) The electroless plating apparatus comprises 
holding means for holding a substrate; a plating liq- 
uid holding mechanism for sealing the periphery of 
the surface to be plated; and electroless plating 
treatment liquid supply means for supplying an 
electroless plating treatment liquid to, and storing 
the electroless plating treatment liquid on, the sur- 
face, to be plated, of the substrate sealed with the 
plating liquid holding mechanism. Thus, a pretreat- 
ment liquid, a catalytic treatment liquid, an electro- 
less plating liquid or the like can be used as the elec- 
troless plating treatment liquid while switching any 
of these liquids, and hence a series of electroless 
plating steps can be earned out in a single cell, and 
the apparatus can be made compact. 

[0272] Next, a third aspect of the present invention will 
be described with reference to FIGS. 30 to 39. The third 
aspect of the present invention relates to various sub- 
strate processing apparatuses such as a substrate plat- 
ing apparatus and a substrate polishing apparatus, and 
more particularly to a substrate processing apparatus 
prefen-ed for detecting a substrate surface state of a 
substrate to be treated, such as film thickness. The 
present invention is applicable to all substrate process- 
ing apparatuses that perfonn transportation and treat- 
ment of the substrate. Here, an explanation will be 
made, particularly, for cases in which the substrate 
processing apparatus is applied for measurement of film 
thickness in a copper plating apparatus and a CMP ap- 
paratus for use in the f onmation of wiring of a semicon- 
ductor substrate. 

[0273] FIG. 30 is a plan view showing an example of 
a plating apparatus to which the present invention is ap- 
plied. This plating apparatus comprises two wafer cas- 
settes 510, 510 for accommodating a plurality of sub- 
strates therein , a transport robot 51 4 for withdrawing the 
substrate from the wafer cassettes 510,510 and trans- 
porting the substrate, and two plating modules (sub- 
strate processing modules) 512,512. each of which per- 
forms a series of plating treatment steps consisting of 
plating, cleaning and drying of the substrate. The refer- 
ence numeral 51 8 denotes liquid supply equipment with 
a plating liquid tank 516. 

[0274] The constitution of the plating module 512 is 
the same as the constitution shown in FIG. 9, and hence 
the module 512 will be described with reference to FIG. 



9. This plating module 512 can perfonm a series of treat- 
ments consisting of plating, cleaning and drying. That 
is, a substrate W is held with a surface thereof to be 
treated facing upward at three positions A, B and C by 
5 a substrate holding portion 2-9. After the substrate W is 
can-ied in and placed at the position A, a plating liquid 
is supplied at the position B onto the surface to be treat- 
ed in such a state that a cathode electrode 2-17 is con- 
nected to an area close to the outer periphery of the sub- 
to strata W. An anode electrode (not shown) is brought into 
contact with the plating liquid from above, and a voltage 
is applied to perfonn electroplating. After completion of 
plating, the plating liquid on the substrate W is sucked 
In by a nozzle (not shown). Instead, cleaning water is 
15 supplied at the position C, and the substrate holding por- 
tion 2-9 is rotated to spread cleaning water on the entire 
suri'aceofthe substrate W, thereby performingcleaning. 
After cleaning, supply of the cleaning water is stopped, 
and the rotational speed of the substrate W is increased 
20 to remove the cleaning water and perform spin-drying. 
If necessary, a precoating treatment for applying, for ex- 
ample, a surface active agent may be performed before 
plating, or cleaning in multiple stages may be performed 
using different kinds of cleaning liquids. The present in- 
25 vention is not limited to the plating module 512 of the 
above structure. That is, the plating tank may be of other 
type such as a cup type or a closed type. In this case, 
a cleaning tank and a dryer may be provided separately. 
On the other hand, as shown in FIG. 30, the transport 
30 robot 51 4 has arms 542 having fonward ends on which 
respective robot hands 540 are provided. 
[0275] Next, the operation of the whole of this plating 
apparatus will be described. First, the robot hand 540 
withdraws the substrate W before treatment from one of 
35 the wafer cassettes 510, and places it on a substrate 
holding portion 521 of one of the plating modules 512. 
Then, the plating module 512 perfomns a series of plat- 
ing treatments as stated above, and dries the substrate 
W. The dried substrate W is returned again to one of the 
40 wafer cassettes 51 0 by the robot hand 540. 

[0276] The substrate W before treatment and the sub- 
strate W after treatment pass through around the trans- 
port robot 514. In order to measure the film thicknesses 
of both substrates W, in the following embodiments, film 
45 thickness sensors S are provided at the transport robot 
51 4 itself or in its surroundings, or at a position, such as 
the interior of the plating module 512, where the sub- 
strate W before treatment and the substrate W after 
treatment will pass through. Examples of the location 
50 and state of installation of the film thickness sensor S 
will be explained later in summary, and detailed expla- 
nations are omitted here. 

[0277] That is, if the film thickness sensor S is provid- 
ed at these positions, the film thicknesses of the sub- 
55 strate W (the film thicknesses of all multi-layer metal 
films fonned on the substrate W) before treatment and 
after treatment can be measured, without wasteful op- 
erations during a series of treatment actions. Specif ical- 
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ly, when the substrate W passes through the film thick- 
ness sensor S for the first time, for example, the film 
thickness of the substrate W with the seed layer on its 
surface before plating is measured. When the substrate 
W passes through the film thickness sensor S for the 
second time, the film thickness of the substrate W with 
a metal film plated on the seed layer is measured. If a 
difference between the two film thicknesses is found, the 
plated metal film thickness can be measured. Generally, 
the film thickness of the seed layer Is in the range of 
about several tens of nanometers to 1 00 and tens of na- 
nometers, while the thickness of the plated metal film Is 
about several micrometers. 

[0278] Signals from the film thickness sensor S are 
sent to an arithmetic unit where an arithmetic operation, 
such as calculation of a difference or calculation of a 
moving average, is perfonned forthereby measuringthe 
film thickness. The arithmetic unit and the arithmetic 
method may be arbitrarily selected ones whfch are pre- 
ferred for the location of the film thickness sensor S, its 
detection method, and the like. 
[0279] FIG. 31 is a plan view showing an example of 
a CMP apparatus to which the present invention is ap- 
plied. This CMP apparatus comprises wafer cassettes 
531 , 531 for loading and unloading, cleaning machines 
533, 533, 535, and 535 for cleaning substrates, two 
transport robots 514a, 514b, reversing machines 539, 
539, and polishing units (substrate processing modules) 
541,541. 

[0280] There are various flows of substrates W, and 
an example is as follows: First, the transport robot514a 
withdraws the substrate W before treatment from one of 
the wafer cassettes 531 for loading, and transfers it to 
one of the reversing machines 539. The transport robot 
51 4a only rotates without moving from the illustrated po- 
sition, and is disposed at a position where it can trans- 
port the substrate W from the wafer cassette 531 to the 
reversing machine 539. Thesubstrate W has its surface, 
to be treated, changed by the reversing machine 539 
from an upwardly facing state to a downwardly facing 
state, and is then transferred to another transport robot 
514b. The transport robot 51 4b transfers the substrate 
W to one of the polishing units 541 where a predeter- 
mined polishing is performed. The substrate W after pol- 
ishing Is transported by the transport robot 514b to one 
of the cleaning machines 535 where primary cleaning is 
conducted. The substrate W after primary cleaning is 
transported by the transport robot 514b to one of the 
reversing machines 539 where its treated surface is 
turned over to face upward. Then, the substrate W Is 
transported by the transport robot 514a to one of the 
secondary cleaning machines 533. After secondary 
cleaning is finished, the substrate W is contained again 
by the transport robot 51 4a In the wafer cassette 531 for 
unloading. 

[0281] Therefore, In case of this CMP apparatus, the 
substrate W before treatment and the substrate W after 
treatment pass through near the transport robots 514a, 
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514b and the reversing machines 539, 539. In order to 
measure the film thicknesses of both substrates W, in 
the following embodiments, the film thickness sensor S 
is disposed at a position where the substrate W before 
5 treatment and the substrate W after treatment will pass, 
such as at the transport robots 51 4a, 5 1 4b per se or the 
surroundings thereof. 

[0282] That Is, if the film thickness sensors S are in- 
stalled at these positions, the film thicknesses of the 
10 substrate W before treatment and after treatment can 
be measured, without wasteful operations during a se- 
ries of treatment operations. Specifically, for example, 
the film thickness of the substrate W before polishing is 
measured for the first time, and the film thickness of the 
15 substrate W after polishing is measured for the second 
time. If a difference between the two film thicknesses is 
found, the amount of polishing can be measured. Fur- 
ther, if an optical sensor is used, the film thickness of a 
metal film or an Insulating film can be directly measured, 
20 without calculating the difference. 

[0283] In some CMP apparatuses, the transport ro- 
bots 514a, 514b are movable In a direction of an arrow 
A shown in FIG. 31 . The present invention is applicable 
to the CMP apparatus having the transport robots un- 
25 movable or movable. 

[0284] FIG. 32 is a view showing a plating and CMP 
apparatus to which the present invention is applied. This 
plating and CMP apparatus is different from the CMP 
apparatus shown In FIG. 31 in that the plating module 
30 512 shown In FIG. 9 Is provided in place of one of the 
cleaning machines 533, and a spin dryer 534 is provided 
in place of another cleaning machine 533. 
[0285] The flow of a substrate W Is, for example, as 
follows: First, the transport robot 514a withdraws the 
35 substrate W before treatment from one of the wafer cas- 
settes 531 for loading. After plating treatment Is per- 
formed by the plating module 512, the transport robot 
514a transfers the substrate W to one of the reversing 
machines 539, which directs its treated surface down- 
40 ward. Then, the substrate W Is transfen-ed to the other 
transport robot 51 4b. The transport robot 51 4b transfers 
the substrate W to one of the polishing units 541 In which 
predetermined polishing is perfomned. The substrate W 
after polishing is withdrawn by the transport robot 51 4b, 
45 and cleaned by one of the cleaning machi nes 535 . Then , 
the substrate W is transferred to the other polishing unit 
541 where it is polished again, and the substrate W is 
transported by the transport robot 514b to the other 
cleaning machine 535 where It is cleaned. The substrate 
50 w after cleaning is transported by the transport robot 
51 4b to the other reversing machine 539 where Its treat- 
ed surface is turned over to face upward. Then, the sub- 
strate W is transported by the transport robot 514a to 
the spin dryer 534 In which spin-drying is carried out. 
55 and the substrate W is accommodated again by the 
transport robot 514a In the wafer cassette 531 for un- 
loading. 

[0286] With this plating and CMP apparatus, there- 
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fore, a film thickness sensor S is installed at a position 
where the substrate W before treatment and the sub- 
strate W after treatment will pass, such as at the trans- 
port robots 51 4a, 514b perse or the surroundings there- 
of, or the interior of the module 512. 
[0287] Next, a concrete example of the sensor S for 
film thickness measurement to be installed in the above- 
mentioned plating apparatus or the CMP apparatus will 
be described. 

[0288] FIG. 33 Is a perspective view showing the 
transport robot 14 illustrated in FIG. 30, and the trans- 
port robots 514a, 514b Illustrated in FIGS. 31 and 32. 
FIGS. 34A and 34B are views showing a robot hand 540 
attached to the transport robot 514 (514a, 514b), and 
FIG. 34A is a plan view and FIG. 34B is a side sectional 
view. 

[0289] The transport robot 51 4 (51 4a, 514b) is consti- 
tuted by attaching the robot hands 540, 540 to the re- 
spective front ends of two arms 542, 542 attached to an 
upper portion of a robot body 543. The two robot hands 
540, 540 are arranged so as to be placed vertically one 
above the other via a predetemnined gap. The amns 542 
extend and contract to enable a substrate W placed on 
the robot hand 540 to be transported in a fore-and-aft 
direction. Also, the robot body 543 rotates and/or moves 
to pemiit transportation of the substrate W In an arbitrary 
direction. 

[0290] As shown in FIGS. 34A and 34B, four film thick- 
ness sensors S are directly attached, in a buried state, 
to the robot hand 540. Any film thickness sensor S may 
be used, if it can measure the film thickness. Preferably, 
an eddy current sensor is used. The eddy current sensor 
generates eddy cun-ents, and detects the frequencies 
and losses of electric currents which have passed 
through the substrate W and returned, thereby measur- 
ing the film thickness. The eddy current sensor is used 
in a non-contact manner. An optical sensor is also pre- 
ferred as the film thickness sensor 8. The optical sensor 
irradiates a sample with light, and can directly measure 
film thickness based on infomnation on reflected light. 
The optical sensor is capable of measuring film thick- 
ness of not only a metal film, but also an insulating film 
such as an oxide film. The positions of installation of the 
film thickness sensors 8 are not limited to the illustrated 
positions, and the film thickness sensor S Is attached in 
an arbitrary number at a location where measurement 
is to be made. The robot hand 540 is available as a dry 
hand handling a dry substrate W, or as a wet hand han- 
dling a wet substrate W. The film thickness sensor S can 
be attached to either hand. When the transport robot 
514 is used in a plating apparatus as shown in FIG. 30, 
however, there is need to measure the film thickness of 
the substrate W in such a state that only the seed layer 
Is initially provided. Thus, it is necessary to measure the 
film thickness of the substrate W, initially in a dry state, 
which is placed in the wafer cassettes 510, 510. Hence, 
it Is desirable to attach the film thickness sensor S to the 
dry hand. 



[0291 ] Signals detected by the film thickness sensors 
S are sent to an arithmetic unit where an arithmetic op- 
eration, such as calculation of a difference between the 
film thickness of the substrate W before treatment and 
5 the film thickness of the substrate W after treatment, is 
performed and the film thickness is outputted onto a pre- 
determined display or the like. Any arithmetic method 
may be used, if it can measure the film thickness appro- 
priately. 

10 [0292] According to the present embodiment, since 
the film thickness can be measured while the robot hand 
540 Is transporting the substrate W, there is no need to 
provide a film thickness measuring step separately dur- 
ing the substrate treatment process, and the throughput 

15 is not decreased. Since the film thickness sensors S are 
attached to the robot hand 540, a space saving can be 
actualized. 

[0293] FIGS. 35A and 35B are views showing the 
transport robots 51 4, 514a and514billtjstrated in FIGS. 

20 30 and 31 to which the second example of the present 
Invention has been applied. FIG. 35A is a schematic 
plan view, while FIG. 35B Is a schematic side view. As 
shown in FIGS. 35A and 35B, according to this embod- 
iment, five film thickness sensors S are attached to a 

25 lower portion of the robot hand 540 of the robot body 
543. That is, a disk-shaped mounting plate 545 of sub- 
stantially the same size as the substrate W is installed 
at the lower portion of the robot hand 540, and the five 
film thickness sensors S are attached onto the mounting 

30 plate 545. The mounting plate 545 is fixed to the robot 
body 543, but may be fixed to other members. 
[0294] The film thickness sensors 8 are attached at 
positions where the film thickness sensors S do not 
overlap with the robot hand 540 as illustrated, whereby 

35 the film thickness can be measured in a wide area of the 
entire substrate W. The present embodiment can also 
achieve a space saving, and can perfonn measurement 
in a very short time. By stopping the substrate W on the 
mounting plate 545, measurement of the film thickness 

40 at fixed points of the substrate W can be made. If the 
substrate W on the robot hand 540 is caused to pass 
over the mounting plate 545 without stopping, measure- 
ment during scanning becomes possible. Since the film 
thickness sensors S are integral with the robot body 543, 

45 stable detection can be performed. If the mounting plate 
545 is fixed to other members, rather than the robot body 
543. It becomes possible to adjust the distance between 
the substrate W and the sensors by arbitrarily varying 
the height of the robot hand. 

50 [0295] The construction in which signals after detec- 
tion are sent to the arithmetic unit to measure the film 
thickness is the same as in the embodiment shown in 
FIGS. 34A and 34B. However, in the case of measure- 
ment simultaneous with scanning, the points of meas- 

55 urement change with the passage of time, so that it is 
preferred to perfonm computations by the method of 
moving averages and calculate the film thickness. 
[0296] FIGS. 36A and 36B are views showing a third 
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example of the present invention. FIG. 36A is a sche- 
matic plan view, and FIG. 36B is a schematic side view. 
In the embodiment shown in FIGS. 36A and 36B, three 
film thickness sensors S are provided on an upper por- 
tion of an exit and entrance portion 550, for a substrate 
W, of the plating module 512 shown in FIGS. 9 and 30. 
That is, a rectangular mounting plate 551 is disposed 
above the exit and entrance portion 550, and the three 
film thickness sensors S are attached In series to a lower 
surface of the mounting plate 551 . The mounting plate 
551 may be fixed to the plating module 512, or may be 
fixed to the robot body 543 of the transport robot 514 
(not shown), or may be fixed to other members. 
[0297] According to such a constitution, the film thick- 
ness sensors S scan the substrate W when the sub- 
strate W is placed into and withdrawn from the plating 
module 512. This is suitable for scan measurement. By 
providing some rows of the film thickness sensors S as 
in this embodiment, moreover, arbitrary points on the 
substrate W can be measured by scanning. By arbitrar- 
ily varying the height of the robot hand, furthennore, it 
becomes possible to adjust the distance between the 
substrate W and the sensors. 

[0298] Signals detected by the film thickness sensors 
S are computed by an arithmetic unit. In the case of scan 
measurement, It is desirable to perform computation by 
the method of moving averages as in the second exam- 
ple. 

[0299] When this embodiment is applied to the CMP 
apparatus, the film thickness sensors S may be dis- 
posed near the exit and entrance, where the substrate 
W is introduced and withdrawn, of the polishing unit 
(substrate treatment module) 541 shown in FIGS. 31 
and 32. When the substrate W is carried into the polish- 
ing unit 541 , the surface, to be treated, of the substrate 
W faces downward. Thus, it is preferred to dispose the 
film thickness sensors S on a lower side of the location 
of the polishing unit 541 where the substrate W Is candied 
in (of course, even when the film thickness sensors S 
are installed on the upper side of such location, meas- 
urement of the film thickness is possible, but installation 
on the lower side results in a higher accuracy). After pol- 
ishing is completed, the treated surface of the substrate 
W Is In a wet state. The use of film thtekness sensors 
capable of measurement even in a wet condition makes 
it possible to measure the film thickness by the same 
method as in the plating module 512. 
[0300] FIG. 37 is a schematic front view of a reversing 
machine 539 and its surroundings to which a fourth ex- 
ample of the present invention has been applied. FIG. 
38 is a plan view of reversing amn 553, 553 portions. As 
shown in FIGS. 37 and 38, the reversing anms 553, 553 
put a substrate W therebetween and hold its outer pe- 
riphery from right and left sides, and rotate the substrate 
W through 180^ thereby turning the substrate over. A 
circular mounting base 555 Is provided immediately be- 
low the reversing amis 553. 553 (reversing stage), and 
a plurality of film thickness sensors S are provided on 
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the mounting base 555. The mounting base 555 is 
adapted to be movab le upward and downward by a drive 
mechanism 557. 

[0301] During reversing of the substrate W, the 
5 mounting base 555 waits at a position, indicated by solid 
lines, below the substrate W. Before or after reversing, 
the mounting base 555 is raised to a position indicated 
by dotted lines to bring the film thickness sensors S 
close to the substrate W gripped by the reversing arms 
10 553, 553, thereby measuring the film thickness. 

[0302] According to the present embodiment, since 
there is no restriction such as the amns 542 of the trans- 
port robot 514, the film thickness sensors S can be In- 
stalled at arbitrary positions on the mounting base 555, 
15 Further, the mounting base 555 is adapted to be mova- 
ble upward and downward, so that the distance between 
the substrate W and the sensors can be adjusted at the 
time of measurement. It is also possible to mount plural 
types of sensors suitable for the purpose of detection, 
20 and change the distance between the substrate W and 
the sensors each time measurements are made by the 
respective sensors. However, the mounting base 555 
moves upward and downward, thus requiring certain 
measuring time. 
25 [0303] FIG. 39 is a sectional view of an essential part 
of a plating module 512 to which a fifth example of the 
present invention has been applied. This plating module 
512 is different from the plating module 512 shown in 
FIG. 9 in only that a mounting base 559 having film thick- 
30 ness sensors S mounted thereon is installed immedi- 
ately below a location of a substrate holding portion 2-9 
where a substrate W is held (i.e. a plating stage). The 
film thickness sensors S may be installed at arisitrary 
locations on the mounting base 559. 
35 [0304] In the present embodiment, the film thickness 
sensors S are mounted immediately below the plating 
stage, so that the film thickness measurement can be 
made on a real-time basis while plating is being per- 
formed. Thus, if the results of the measurement are fed 
40 back in real time and reflected in plating, it is possible 
to perfomn plating with an extremely high accuracy. 
[0305] The embodiments of the present invention 
have been described above, but the present invention 
is not limited to these embodiments, and various modi- 
45 fications are possible within the scope of the claims and 
within the scope of the technical ideas described in the 
specification and drawings. That is, the above embodi- 
ments have been shown as embodiments in which sen- 
sors for detection of film thickness (film thickness of a 
50 metal film or an insulating film) are used as the sensors. 
However, the present invention is not limited to these 
sensors. By selecting sensors and computation means 
according to various purposes, it is pennissible to con- 
stitute and use other various sensors for substrate sur- 
55 face state detection, such as a sensor for detection of 
presence or absence of a metallic thin film, a sensor for 
detection of presence or absence of particles on a sub- 
strate, and a sensor for recognition of a pattern formed 
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on a substrate. Furthermore, any shapes or materials, 
which are not directly described In the specification and 
drawings, fall within the scope of the technical Ideas of 
the present invention, if they exhibit the operations and 
effects of the present invention. 
[0306] As described in detail above, according to the 
third aspect of the present invention, various substrate 
surface states such as the metal film thickness of the 
substrate can be detected without stopping or interrupt- 
ing the substrate treatment process. Thus, the surface 
state of the substrate can be detected, with high 
throughput being actualized, and the reliability and ra- 
pidity of substrate treatment such as plating or polishing 
can be increased. 

[0307] Further, feedback of the measurement results 
for adjustment of the substrate treatment conditions can 
be performed promptly, and hence it becomes possible 
to perform substrate treatment, such as plating or pol- 
ishing, rapidly under optimal treatment conditions. 
[0308] Furthemiore, if a lightweight, and small-sized 
detection sensor Is used, such sensor can be easily at- 
tached to a robot hand or the like of a plating apparatus, 
and the above-mentioned effects can be achieved with 
a space-saving. 

Industrial Applicability 

[0309] The present invention relates to a semiconduc- 
tor substrate processing apparatus and method for use 
in applying various treatments to a semiconductor sub- 
strate. The present invention can be utilized in a Cu plat- 
ing step for forming interconnects on a semiconductor 
substrate, and in the step of polishing a plated Cu film 
on a semfconductor substrate in the manufacture of 
semiconductor devices. 



Claims 



1. A semiconductor substrate processing apparatus, 
comprising: 

a cany-in and carry-out section for carrying in 
and canying out a semiconductor substrate 
having a surface on which a circuit is fomned. 
in a dry state; 

a plated metal film fomning unit for fomning a 
plated metal film on said semiconductor sub- 
strate which has been candied in; 
a bevel etching unit for etching a peripheral 
edge portion of said semiconductor substrate; 
a polishing unit for polishing at least part of said 
plated metal film on said semiconductor sub- 
strate; and 

a transport mechanism for transporting said 
semiconductor substrate between said units. 

2. The semiconductor substrate processing apparatus 



according to claim 1 , comprising a cleaning unit for 
cleaning said semiconductor substrate which has 
been polished. 

5 3. The semiconductor substrate processing apparatus 
according to claim 1, comprising an annealing unit 
for annealing said semiconductor substrate. 

4^ The semiconductor substrate processing apparatus 
w according to claim 1 , wherein said plated metal film 
fomning unit comprises an electroplating unit. 

5. The semiconductor substrate processing apparatus 
according to claim 1 , comprising a film thickness 
15 measuring instrument and/or a detection sensor for 
measuring and/or detecting a film thickness of a film 
and/or a surface state of a film fomned on said sem- 
iconductor substrate. 

20 6. The semiconductor substrate processing apparatus 
according to claim 5, wherein said film thickness 
measuring instrument and/or said detection sensor 
performs measurement and/or detection at least at 
one of points in time before or after formation of a 
bamer layer, before or after formation of a seed lay- 
er, before or after formation of said plated metal film, 
before or after annealing treatment, before or after 
polishing treatment, and before or after fomiation of 
a plated cover film. 

The semiconductor substrate processing apparatus 
according to claim 1 , comprising a seed layer fomr>- 
ing unit for fonning a seed layer on said semicon- 
ductor substrate. 

The semiconductor substrate processing apparatus 
according to claim 7, wherein said seed layer form- 
ing unit comprises an electroless plating unit. 

40 9. The semiconductor substrate processing apparatus 
according to claim 1 , comprising a reinforcing seed 
layer fonming unit for fonning a reinforcing seed lay- 
er on said semiconductor substrate. 

45 1 0. The semiconductor substrate processing apparatus 
according to claim 9, wherein said reinforcing seed 
layer fomning unit comprises an electroless plating 
unit. 

50 11. The semiconductor substrate processing apparatus 
according to claim 9, wherein said reinforcing seed 
layer fomiing unit comprises an electroplating unit. 

1 2. The semiconductor substrate processing apparatus 
55 according to claim 1 , comprising a barrier layer 
forming unit for forming a barrier layer on said sem- 
iconductor substrate. 
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1 3. The semiconductor substrate processing apparatus 
according to clainn 1 , comprising a cover plating unit 
for forming a plated cover layer on said semicon- 
ductor substrate. 

14. The semiconductorsubstrate processing apparatus 
according to claim 1, wherein said polishing unit 
comprises at least a first polishing unit and a second 
polishing unit, and said first polishing unit and said 
second polishing unit are different In a material of 
an object to be polished. 

15. The semiconductorsubstrate processing apparatus 
according to claim 1 , wherein said polishing unit 
comprises at least a first polishing unit and a second 
polishing unit, and said first polishing unit and said 
second polishing unit are identical in a material of 
an object to be polished. 

1 6. The semiconductorsubstrate processing apparatus 
according to claim 1 , wherein said polishing unit 
comprises at least a first polishing unit and a second 
polishing unit, and said semiconductor substrate is 
polished by said first polishing unit, and then pol- 
ished by said second polishing unit. 

1 7. The semiconductorsubstrate processing apparatus 
according to claim 1 , wherein said semiconductor 
substrate processing apparatus has two or more of 
polishing units, and said semiconductor substrate 
is polished by one of said polishing units. 

1 8. The semiconductorsubstrate processing apparatus 
according to claim 1 , wherein said polishing unit has 
at least two polishing steps. 

19. A semiconductor substrate processing apparatus, 
comprising: 

a carry-in and carry-out section for carrying in 
and canying out a semiconductor substrate 
having a surface on which a circuit is formed, 
in a dry state; 

a plated metal film fomning unit for fomning a 
plated metal film on said semiconductor sub- 
strate which has been carried in; 
a bevel etching unit for etching a peripheral 
edge portion of said semiconductor substrate; 
a polishing unit for polishing at least part of said 
plated metal film on said semiconductor sub- 
strate; and 

a transport mechanism for transporting said 
semiconductor substrate between said units; 

wherein said plated metal film fomning unit 
and said bevel etching unit are interchangeable. 

20. The semiconductorsubstrate processing apparatus 
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according to claim 19, comprising a cleaning unit 
for cleaning said polished semiconductor substrate; 

wherein said plated metal film forming unit, 
said bevel etching unit, and said cleaning unit are 
interchangeable. 

21 . The semiconductor substrate processing apparatus 
according to claim 19, comprising an annealing unit 
for annealing said semiconductor substrate; 

wherein said plated metal film forming unit, 
said bevel etching unit, and said annealing unit are 
interchangeable. 

22. The semiconductor substrate processing apparatus 
according to claim 19: comprising a film thickness 
measuring unit for measuring and/or detecting a 
film thickness of said film and/or a surface state of 
said film fomned on said semiconductor substrate; 

wherein said plated metal film forming unit, 
said bevel etching unit, and said film thickness 
measuring unit are interchangeable. 

23. The semiconductor substrate processing apparatus 
according to claim 19, comprising a reinforcing 
seed layer fomning unit for forming a reinforcing 
seed layer on said semfconductor substrate; 

wherein said plated metal film forming unit, 
said bevel etching unit, and said reinforcing seed 
layer forming unit are interchangeable. 

24. The semiconductor substrate processing apparatus 
according to claim 19, comprising a seed layer 
forming unit for fomning a seed layer on said semi- 
conductor substrate; 

wherein said plated metal film forming unit, 
said bevel etching unit, and said seed layer forming 
unit are interchangeable. 

25. The semiconductor substrate processing apparatus 
according to claim 19. comprising a barrier layer 
forming unit for forming a barrier layer on said sem- 
iconductor substrate; 

wherein said plated metal film forming unit, 
said bevel etching unit, said seed layer forming unit, 
and said barrier layer fomning unit are interchange- 
able. 

26. The semiconductor substrate processing apparatus 
according to claim 1 9, comprising a cover layer plat- 
ing unit for fomning a plated cover layer on said sem- 
iconductor substrate; 

wherein said plated metal film fomning unit, 
said bevel etching unit, and said cover layer plating 
unit are interchangeable. 
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27. A semiconductor substrate processing apparatus, 
comprising: 
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a carry-in and carry-out section for carrying in 
and carrying out a semiconductor substrate 
having a surface on which a circuit is formed, 
in a dry state; 

a plated metal film fonming unit for forming a 
plated metal film on said semiconductor sub- 
strate which has been carried in; 
a bevel etching unit for etching and removing 
at least one of said plated metal film, a seed 
layer and a barrier layer formed at a peripheral 
edge portion of said semiconductor substrate; 
an annealing unit for annealing said semicon- 
ductor substrate; and 

a transport mechanism for transporting said 
semiconductor substrate between said units. 

28. The semiconductor substrate processing apparatus 

according to claim 27, wherein said plated metal 
film fonning unit, said bevel etching unit, and said 
annealing unit are interchangeable. 

29. The semiconductor substrate processing apparatus 
according to claim 27, comprising a film thickness 
measuring unit for measuring and/or detecting a 
film thickness of said film and/or a surface state of 
said film formed on said semiconductor substrate; 

wherein said plated metal film forming unit, 
said bevel etching unit, said annealing unit, and said 
film thickness measuring unit are interchangeable. 

30. The semiconductor substrate processing apparatus 
according to claim 29, wherein said film thickness 
measuring unit has an alignment function for said 
semiconductor substrate. 

31. Thesemiconductorsubstrateprocessingapparatus 
according to claim 27, wherein in said plated metal 
film forming unit, plating treatment and cleaning 
treatment are performed in such a state that said 
semiconductor substrate is held by a substrate 
holding portion. 

32. The semiconductor substrate processing apparatus 
according to claim 27, wherein said plated metal 
film forming unit comprises a substrate holding por- 
tion for holding said semiconductor substrate, an 
anode disposed above a surface, to be plated, of 
said substrate, and a cathode electrode for passing 
an electric current in contact with said substrate, 
and perfonns plating while a plating liquid impreg- 
nated material comprising a water retaining materi- 
al is placed In a space fomned between said surface 
to be plated and said anode. 

33. The semiconductorsubstrate processing apparatus 
according to claim 27, wherein in said plated metal 
film fonning unit, plating treatment, and cleaning 
and drying treatment are performed by raising and 
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lowering said semiconductor substrate so as to cor- 
respond to respective operating positions, while 
said semiconductor substrate is held by a substrate 
holding portion. 

5 

34. The semiconductor substrate processing apparatus 
according to claim 27, wherein said plated metal 
film fonning unit holds said semiconductor sub- 
strate such that a surface, to be plated, of said sem- 

w [conductor substrate faces upward, seals a periph- 
eral edge portion of said surface, to be plated, of 
said semiconductor substrate with a seal In a wa- 
tertight manner, has an anode disposed above said 
surface to be plated in proximity to said surface to 

15 be plated, has a cathode electrode for passing an 
electric cun-ent in contact with said semiconductor 
substrate, and performs plating while a plating liquid 
is held in a space fomned by said surface, to be plat- 
ed, of said semiconductor substrate and said seal. 

35. The semiconductor substrate processing apparatus 
according to claim 27, wherein said plated metal 
film fonning unit comprises a substrate holding por- 
tion for holding said semiconductorsubstrate such 

25 that a surface, to be plated, of said semiconductor 
substrate faces upward, an anode disposed above 
said surface, to be plated, of said semiconductor 
substrate, a cathode electrode for passing an elec- 
tric current in contact with said semiconductor sub- 

30 strate, and a pure water supply nozzle, and simul- 
taneously cleans said semiconductorsubstrate and 
said cathode by supplying pure water from said noz- 
zle after completion of plating treatment. 

35 36. A semiconductor substrate processing apparatus, 
comprising: 

a cany-in and carry-out section for canning in 
and canying out a semiconductor substrate 
40 having a surface on which a circuit is formed, 

In a dry state; 

a plated metal film forming unit for fonning a 
plated metal film on said semiconductor sub- 
strate which has been carried in; 
45 a polishing unit for polishing at least part of said 

plated metal film on said semiconductor sub- 
strate; and 

a transport mechanism for transporting said 
semiconductor substrate between said units; 
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wherein in said plated metal film fonning unit, 
plating treatment and cleaning treatment are per- 
formed in such a state that said semiconductor sub- 
strate is held by a substrate holding portion. 

37. A semiconductor substrate processing apparatus, 
comprising: 
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a carry-in and carry-out section for carrying in 
and carrying out a semiconductor substrate 
having a surface on which a circuit is fornned, 
in a dry state; 

a plated metal film forming unit for fonming a 
plated metal film on said semiconductor sub- 
strate which has been candied in; 
a polishing unit for polishing at least part of said 
plated metal film on said semiconductor sub- 
strate; and 

a transport mechanism for transporting said 
semiconductor substrate between said units; 

wherein said plated metal film forming unit 
comprises a substrate holding portion for holding 
said semiconductor substrate, an anode disposed 
above a surface, to be plated, of said substrate, and 
a cathode electrode for passing an electric current 
in contact with said substrate, and performs plating 
while a plating liquid impregnated material compris- 
ing a water retaining material is placed in a space 
fomned between said surface to be plated and said 
anode. 

38. A semiconductor substrate processing apparatus, 
comprising: 

a carry-in and carry-out section for carrying in 
and canying out a semiconductor substrate 
having a surface on which a circuit is formed, 
in a dry state; 

a plated metal film fonning unit for fomning a 
plated metal film on said semiconductor sub- 
strate which has been carried In; 
a polishing unit for polishing at least part of said 
plated metal film on said semiconductor sub- 
strate; and 

a transport mechanism for transporting said 
semiconductor substrate between said units; 

wherein in said plated metal film fonning unit, 
plating treatment, and cleaning and drying treat- 
ment are performed by raising and lowering said 
semiconductor substrate so as to correspond to re- 
spective operating positions, while said semicon- 
ductor substrate Is held by a substrate holding por- 
tion. 

39. A semiconductor substrate processing apparatus, 
comprising: 

a cany-in and carry-out section for carrying in 
and canning out a semiconductor substrate 
having a surface on which a circuit is formed, 
in a dry state; 

a plated metal film forming unit for fomning a 
plated metal film on said semiconductor sub- 
strate which has been carried in; 
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a polishing unit for polishing at least part of said 
plated metal film on said semiconductor sub- 
strate; and 

a transport mechanism for transporting said 
semiconductor substrate between said units; 

wherein said plated metal film fomning unit 
holds said semiconductor substrate such that a sur- 
face, to be plated, of said semiconductor substrate 
faces upward, seals a peripheral edge portion of 
said surface, to be plated, of said semiconductor 
substrate with a seal In a watertight manner, has an 
anode disposed above said surface to be plated in 
proximity to said surface to be plated, has a cathode 
electrode for passing an electric current in contact 
with said semiconductor substrate, and performs 
plating while a plating liquid is held In a space 
formed by said surface, to be plated, of said semi- 
conductor substrate and said seal. 

40. The semiconductor substrate processing apparatus 
according to claim 39. wherein plating is performed, 
while a plating liquid impregnated material compris- 
ing a water retaining material is placed in a space 
formed between said surface to be plated and said 
anode. 

41. A semiconductor substrate processing apparatus, 
comprising: 

a carry-in and carry-out section for carrying in 
and canrylng out a semiconductor substrate 
having a surface on which a circuit is fornied, 
in a dry state; 

a plated metal film forming unit for fonning a 
plated metal film on said semiconductor sub- 
strate which has been carried in; 
a polishing unit for polishing at least part of said 
plated metal film on said semiconductor sub- 
strate; and 

a transport mechanism for transporting said 
semiconductor substrate between said units; 

wherein said plated metal film forming unit 
comprises a substrate holding portion for holding 
said semiconductor substrate such that a surface, 
to be plated, of said semiconductor substrate faces 
upward, an anode disposed above said surface, to 
be plated, of said semiconductor substrate, a cath- 
ode electrode for passing an electric current in con- 
tact with said semiconductor substrate, and a pure 
water supply nozzle, and simultaneously cleans 
said semiconductor substrate and said cathode 
electrode by supplying pure water from said nozzle 
after completion of plating treatment. 

42. A semiconductor substrate processing apparatus, 
comprising: 
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a carry-in and carry-out section for carrying in 
and carrying out a semiconductor substrate 
having a surface on which a circuit is fornied, 
in a dry state; 

a plated metal film forming unit for fomiing a s 
plated metal film on said semiconductor sub- 
strate which has been carried in; 
a polishing unit for polishing at least part of said 
plated metal film on said semiconductor sub- 
strate; and 

a transport mechanism for transporting said 
semiconductor substrate between said units; 

wherein said plated metal film forming unit 
holds said semiconductor substrate such that a sur- is 
face, to be plated, of said semiconductor substrate 
faces upward, seals a peripheral edge portion of 
said surface, to be plated, of said semiconductor 
substrate with a seal in a watertight manner, has an 
anode disposed above said surface to be plated in 20 
proximity to said surface to be plated, has a cathode 
electrode for passing an electric current in contact 
with said semiconductor substrate, and perfomis 
plating while a plating liquid is held in a space 
sealed in a watertight manner and formed between 25 
said surface to be plated and said anode. 

43. The semiconductorsubstrate processing apparatus 
according to claim 42, wherein plating is pert omned. 
while a plating liquid impregnated material compris- 30 
ing a water retaining material is placed in a space 
formed between said surface to be plated and said 
anode. 



44. A semiconductor substrate processing apparatus, 
comprising: 
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a cany-in and carry-out section for carrying in 
and carrying out a semiconductor substrate 
having a surface on which circuit is fomned, in 40 
a dry state; 

a plated metal film fonmlng unit for fonning a 
plated metal film on said semiconductor sub- 
strate which has been carried in; 
a polishing unit for polishing at least part of said 45 
plated metal film on said semiconductor sub- 
strate; and 

a transport mechanism for transporting said 
semiconductor substrate between said units; 

50 

wherein said plated metal film forming unit 
can perfomn pretreatment, plating treatment, and 
water washing treatment. 

45. A semiconductor substrate processing apparatus, ss 
comprising: 

a canry-in and cany-out section for carrying in 



and canying out a semiconductor substrate 
having a surface on which a circuit is formed, 
in a dry state; 

a ban-ier layer fonning unit for forming a bamer 
layer on said semiconductor substrate which 
has been carried in; 

a seed layer fomning unit for fonning a seed lay- 
er on said barrier layer; 
a plated metal film forming unit for fonning a 
plated metal film on said seed layer; 
a bevel etching unit for etching and removing a 
metal film fonned at an edge portion of said 
semiconductor substrate; 
an annealing unit for annealing said plated met- 
al film; 

a polishing unit for polishing said plated metal 
film and/or said seed layer on said semiconduc- 
tor substrate; 

a cleaning unit for cleaning and drying said 
semiconductor substrate whose plated metal 
film has been polished; 

a cover plating unit for forming a plated cover 
layer on said plated metal film; and 
a transport mechanism for transporting said 
semiconductor sub>strate; 

wherein said barrier layer forming unit^ said 
seed layer forming unit, said plated metal film fomn- 
ing unit, said bevel etching unit, said annealing unit, 
said polishing unit, said cleaning unit, and said cov- 
er plating unit are interchangeable. 

46. An electroless plating method, characterized by 
continuously perfomrilng the steps of: 

holding a substrate with a surface to be plated 
facing upward by holding means having a 
mechanism for holding an electroless plating 
treatment liquid on said substrate; 
supplying said electroless plating treatment liq- 
uid onto said surface, to be plated, of said sub- 
strate; and 

perfonning electroless plating treatment while 
storing and holding said electroless plating 
treatment liquid on said surface, to be plated, 
of said substrate for a predetenmined time. 

47. The electroless plating method according to claim 
46, characterized In that the step of bringing said 
electroless plating treatment liquid supplied onto 
said surface, to be plated, of said substrate into con- 
tact with said surface to be plated is provided be- 
tween said step of supplying said electroless plating 
treatment liquid and said step of perfonning electro- 
less plating treatment while storing and holding said 
electroless plating treatment liquid on said surface, 
to be plated, of said substrate for a predetermined 
time. 
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48. The electroless plating method according to claim 
46, wherein said step of perfomning electroless plat- 
ing treatment while storing and holding said electro- 
less plating treatment liquid on said surface, to be 
plated, of said substrate for a predetemnined time 
is performed in such a state that said substrate is 
in a stationary state. 

49. The electroless plating method according to claim 
46, wherein said plated surface after treatment with 

said electroless plating treatment liquid is cleaned 
by pouring a cleaning liquid, and is then spin-dried. 

50. An electroless plating method for treating a surface, 
to be plated, of a substrate by bringing an electro- 
less plating treatment liquid in contact with said sur- 
face to be plated, characterized in that: 

said electroless plating treatment liquid is 
brought into contact with said surface, to be 
plated, of said substrate in such a state that 
said substrate is heated to a temperature high- 
er than electroless plating treatment tempera- 
ture, and/or said electroless plating treatment 
liquid is brought into contact with said surface, 
to be plated, of said substrate in such a state 
that a temperature of an atmosphere for per- 
forming electroless plating is substantially 
equal to electroless plating treatment tempera- 
ture. 

51. An electroless plating apparatus, comprising: 

holding means for holding a substrate in such 
a state that a surface, to be plated, of said sub- 
strate faces upward; 

a plating liquid holding mechanism for sealing 
a periphery of said surface, to be plated, of said 
substrate held by said holding means; and 
electroless plating treatment liquid supply 
means for supplying an electroless plating 
treatment liquid to. and storing said electroless 
plating treatment liquid on. said surface, to be 
plated, of said substrate sealed with said plat- 
ing liquid holding mechanism. 

52. The electroless plating apparatus according to 
claim 51 , comprising heating means provided close 
to said substrate 

53. An electroless plating apparatus, comprising: 

holding means for holding a substrate in such 
a state that a surface, to be plated, of said sub- 
strate faces upward; and 
electroless plating treatment liquid supply 
means for supplying an electroless plating 
treatment liquid to said surface, to be plated, of 



said substrate; 



wherein said electroless plating treatment liq- 
uid supply means is disposed above said surface 
to be plated, and adapted to supply said electroless 
plating treatment liquid in a scattered state. 

54. The electroless plating apparatus according to 
claim 53, comprising heating means provided close 
to said substrate. 



55. A substrate processing apparatus having substrate 
holding means for holding a substrate and adapted 
to perfomi transportation or treatment of said sub- 
15 strate while holding said substrate by said substrate 
holding means, characterized in that: 

a sensor for detecting substrate surface state 
is provided in said substrate holding means, 
20 and a state of a substrate surface is detected 

based on a signal detected by said sensor dur- 
ing transportation or treatment of said sub- 
strate. 

25 56. The substrate processing apparatus according to 
claim 55, wherein said sensor comprises a sensor 
for film thickness measurement. 
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57. A substrate processing apparatus having substrate 
holding means for holding a substrate and adapted 
to perfonn transportation or treatment of said sub- 
strate while holding said substrate by said substrate 
holding means, characterized in that: 

a sensor for detection substrate surface state 
is provided at a predetermined position where 
said substrate makes an approach during 
transportation or treatment of said substrate by 
said substrate holding means, and a state of a 
substrate surface Is detected based on a signal 
detected by said sensor when said substrate 
approaches said sensor. 

58. The substrate processing apparatus according to 
claim 57, wherein said sensor is movable. 

59. The substrate processing apparatus according to 
claim 57, wherein said sensor comprises a sensor 
for film thickness measurement. 
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60. A substrate processing apparatus having substrate 
holding means for holding a substrate and a sub- 
strate processing module for processing said sub- 
strate, and adapted to carry said substrate held by 
said substrate holding means into or out of said sub- 
strate processing module, characterized In that; 

a sensor for detecting substrate surface state 
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is provided near a substrate carry-in and cany- 
out opening of said substrate processing nnod- 
ule, or near a position in said substrate 
processing module at which said substrate Is 
processed, and a state of a substrate surface s 
is detected based on a signal from said sensor 
when said substrate Is carried Into or canied 
out of said substrate processing module, or 
when said substrate is processed In said sub- 
strate processing module. 

61. The substrate processing apparatus according to 
claim 60, wherein said sensor comprises a sensor 
for film thickness measurement. 

15 

62. A substrate processing apparatus, comprising: 

a carry-In and carry-out section for carrying In 
and canning out a semiconductor substrate 
having a surface on which a circuit is fonned, 20 
in a dry state; 

a plated metal film forming unit for forming a 
plated metal film on said semiconductor sub- 
strate which has been carried in; 
an annealing unit for annealing said semlcon- 25 
ductor substrate; 

a polishing unit for polishing at least part of said 
plated metal film on said semiconductor sub- 
strate; and 

a transport mechanism for transporting said 30 
semiconductor substrate between said units. 



35 



40 



45 



50 



55 



48 



EP001171912A1 [httpr/A^ 

EP1 174 912 A1 




49 



EP001174912A1 [hM:/Mww-9elth^^^^^^ - ^^^^-^-^-^^ 



EP1 174 912 A1 




50 



EP0011749l2AJ[httpj/^^^^^ 



Page 51 of 98 



EP1 174 912 A1 



FIG. 3 




51 



EPM1174912AJ.[hJpj/A^^^^^^ PageMli 



EP1 174 912 A1 



FIG. 4 




52 



EP001 174912A1 [http://wwv,getthep^ r7.4912A1j:pj:?frpmCa^ 



EP1 174 912 A1 



CO 




53 



EP0011M9l2A1|http:/Mv!^^^ 

EP1 174 912 A1 



FIG. 6 A 

3-2 




54 



EPmi749J2Al[http://ww^ 

EP1 174 912 A1 



Page 5 5 of 98 



FIG. 7 




55 



E P(K)117 4912A1_[http:/Mfyw.9e^^ Page56oL?8 



EP1 174 912 A1 




56 



EP001174912A1 [http^JAwvw.qetthe patem Page 57 of 98 



EP1 174 912 A1 



FIG. 9 




57 



EP001174912 A1 



.ttp,//^^.geJtLep_a^^ Pag^58of?8 



EP 1 174 912 A1 




58 



EP001174912A1 [http://www.9etthepat_ent 

EP1 174 912 A1 



Page_59of98 



F i G. J 1 



2-28 




59 



EF^01174912At[httpi/^\ww. 



^getthepatej)txo^^^ _Page60pf98 



EP1 174 912 A1 




60 



EP001174912A 1[http:/Afww.9etthepatgnt^^ - P^ae 61^98 

EP 1 174 912 A1 



FIG. f S 




61 



EPgo±i749imihttetfy^^ * 

EP1 174 912 A1 



F I G, 1 4 




1-1 3 1-1 



62 



EP001 17491 2A1[hnt>: 



EP1 174 912 A1 



F I G. 1 5 




63 




64 



EP001 



174912Mlhl*JAyww,getthe^^ 



Page 65 of 9g 



EP1 174 912 A1 



F f G. 7 7 



120a A 

141 ~ 



CASSETTE 1 



ALIGNER AND FILM 
THICKNESS M EASURING 



111 

141 

112 
142 

113' — A 
142 



BARR I ER UYER FORM I KG 



FIRST ROBOT 131 

FIRST ROBOT 131 
FIRST R0B0T131 



ALIGNER AND FILH 

THICKNESS MEASURING . 

I SECOND ROBOT 132 
SEED LAYER FORMING I 
I SECOND ROBOT 132 



ALIGNER AND FILH 
THICKNESS MEASURING 



PLATING 



THIRD ROBOT 133 

] 

THIRD ROBOT 133 



ALIGNER AND FILM 
THICKNESS MEASURING 



THIRD ROBOT 133 

ng- — Hbevel and backside clean i«g| 

i THIRD ROBOT 133 

143- A T/o 1 



114 
121 



annealing 



FIRST CMP 



1 1 5 "-"-^ fp I RST CLEAN I HG (SCRUB) 
122' — H SECOND CMP 



115 



144 -~H! 

145 
117 
146 
118 



FIRST CL EANING (SCRUB) 



T/O 

IT 



TEMPOR ARY PLACING 



FOURTH ROBOT 134 
FOURTH ROBOT 134 
FOURTH ROBOT 134 
FOURTH ROBOT 134 

3 

FOURTH ROBOT 134 
FOURTH ROBOT 134 

I 

THIRD ROBOT 133 
SECOND ROBOT 132 



COVER PLATING. 
3E 



J 



FILM THICK M^S MEASURING 



SECOND CLEANING (PEN) 



laoa-^-^C 



J 



SECOND ROBOT 132 
FIRST ROBOT 131 
FIRST R060T131 



CASSETTE 



65 



EP00ir749J2Ai[hM://!?^ 



EP1 174 912 A1 



F / G. J 8 




66 



EPqpjl 7491 2A1_ [http:/^^ 



EP1 174 912 A1 




67 



EP0J)1174912A1_[hM://^^^ 

EP1 174 912 A1 



Page68ol98 



F i G.2 0 



SI 
S2 



WAFER CARRY- IN 



LIFT UP 1 



S3— I ROBOT HAND RETREAT 
S4' 



LIFT DOWN 



S5 
S6 



VACUUM CHUCK 



NOTCH ALIG NMENT 

I 



FILM TH ICKNESS MEASURINGh ST 

r 



NOTCH ALIGNMENT -S8 



VACUUM CHUCK OFF 1~S9 



LIFT UP 

1 



-SIO 



ROBOT HAND INSERTION ~S1 1 



LIFT DOWN 



~S12 



WAFER RETREAT ~S13 



68 



Page 69j>f98 



EP1 174 912 A1 



-J (O 

ujor 

•53 



.< 



LUOr 

53 




So 

LUOr 
o3 



30 
-JO 



69 



EPpOJ174912A1.[hM:/^^^^ 

EP1 174 912 A1 




70 



EP1 174 912 A1 



F/G.2SA 



B— 




F / G.2 3B 



308 



307 



301 
305 

304 



306 



FIG.24A FIG.24B 




71 



EP 001174912A1 [http://yww 



getthep„atentcom^^^^^ Page72oL98 



EP1 174 912 A1 



FIG, 2 5 




412 



408 409 



72 



EP 1 174 912 A1 



F i G.2 6A 




FIG.26B 6 



F / G.2 6C 




73 



EP00J174912A1_(httpi/wv^^ Page_74?i? 



EP 1 174 912 A1 



F i G.2 7 



PLATING LIQUID 




M 



74 



EP0Cr!174912Al^ — ^® 



EP1 174 912 A1 



F / G.2 8 




75 



EP001114912A1 [http://wrt^ _f_ageZ6of98 



EP1 174 912 A1 



FIG. 2 9A 



30 



6 
B 



25 



120 



LU 
X 



15 



CO 
UJ 

z 

•sc. 

o 



0> > 

WAFER 

LEFT 

END 



WAFER 
CENTER 



WAFER 
RIGHT 
END 



F / G.2 9B 




WAFER 
LEFT 
END 



WAFER 
CENTER 



WAFER 
RIGHT 
END 



76 



EPA011749J2A1Jhtt^^^ 

EP 1 174 912 A1 



Page 77 of98 




EP001174912A1[http7W.9eWLep.ajent^^ Page 78 qf98 

EP1 174 912 A1 




78 



EP00ir74912Al[httpj//w^ 



cqm/LpginAog/$cbmn PageTiPi?? 



EP1 174 912 A1 



FIG. 32 



S3S 539 




79 



EPppi174912Al[hJ^^ Pa9_e80qf.98 



EP1 174 912 A1 




80 



174912A1 [httpjM?™?«,^ 

EP1 174 912 A1 



F f G, 34A 




F / G. 3 4B 

540 

\i W 





— ^ ^-m— 








1" 


— m B?55 





s s 



81 



EP001I74912AJ [http://^ ''^^e 82 of 98 



EP1 174 912 A1 



F f G. 3 5A 




82 



EPp01174912MIhttK//ww^^ Pag?-83°«i§ 



EP1 174 912 A1 



F / G. 3 6A 




F / G, 3 6B 



512 




83 



EPQ01174912A1 [http: 



,7/www.gem,epatent^^^^^^ _fLa9_e 84 pL9_8 



EP 1 174 912 A1 




84 



EP001174912A1 



EP1 174 912 A1 



FIG. 3 8 




85 



EP0 0117491 2A1 [httBi//www, 



,j//««e..getthepatent.^^^^ " ""^ ' 



EP1 174 912 A1 



FIG. 3 9 



2 



2-17 



2-11 




86 



EP00l.174912AX[http;/A^^^^ 



^ge87.ofJ8 



EP1 174 912 A1 



F i G. 40 




87 



EP0^749milhttp://v^^^ 



Pag e 88 of 98 



EP1 174 912 A1 



F I G.4 1 




88 



EP001174912A1 



MR://www.g.eJt.h^^^^^^^ 



Page 89 of 98 



EP1 174 912 A1 



^ 1 




89 



EP001 1 7491 2Al[httpL//www 



getthep_alent,corn/Login.d.^^^ 



Page90.of98 



EP 1 174 912 A1 



eo eo S « £1 

•-CM cvJ CO 

t t 1 I 1 

CM evj CM csJ 



SI T T 

I CM CM 
CM 




90 




91 



EP001.1749J2A1.[hMA^^^ 



Page92of98 



EP1 174 912 A1 




92 



EP001 1 7491 2A1 piftBi//www.getthep.atent^ 



,in,dog/$cbrvj^^^^ Page93ofi8 



EP1 174 912 A1 




2-28b 



F / G, 4 7A 



F / G,4 7B 



-2-28 



2-28 



2-28b 




2-28b 



93 




94 



EP(roi174912A1.[htlp;/^vww.ge^^^^ 



iiadpg«cbmnJdgeff_etch/E^g^^^ Page?5pf98 



EP1 174 912 A1 



F / G, 4 9 



2-18 



2-20 




2-22 



W 



2-31 



2-20 



T 
la 



F i G.5 1 



A/\A/- 



Rp 

R4 




-i:---2-37 



\ 



A/W- 

R5 



95 



lin^qg/Jcbfundidge/Fetd?/^^^^^ Page?6of98 



EP 1 174 912 A1 



I 

CM 




I 

CM 



Z 






- I 



CM 
CM 

- I 
CM 



96 



LP0011J49im[httpjM^ 



Page?7of98 



EP1 174 912 A1 



INTERNATIONAL SEARCH REPORT 



Intermtional ai^plicadon No. 

PCT/JPO 0/09 183 



A. CLASSIFICATION Cff SUBJECT MATIER 
Int.Cl' H01L21/28B 



Accontim to iptcroatioiuJ Patent ClassificapoD (IPQ or to bofc natioPBl chssification and IPC 



B. FIELDS SEARCHED ^ -— - 

■ifiaimuin documrataticm searched (classification system ftltowcd Iry cbsM&afiOT ^™ols) 
int Cl^H01L2l/288, C25D5/00-7/12, C25P1/00-7/02 
B23H1/00-11/00, HOlLai/68, H01L21/304 



bocmaenratioD seaicfaed other than minimuia <toc«mentatian to the "«>L^°^ ^ ,?^^f1^ 1 fs^^l 

SkirSitau^Shliian 1971-2001 Jitsuyo Shinan Tproku Ktiho 1996-2001 



Etectronic data b«econsult«ridnrin8 the 



C. DOCUMENTS CONSIDERED TO BE KELEV ANT 



Category* 



CUation of docunw with indicatkni. where appropriate, of the relevant passage 



Relevant to claim No. 



BP, 903774, A (EBAPA CORPORATION) , 
24 March, 1999 (24.03.99), 
Par. Nos: 0030-0057; Figs. 1-7 
& JP, 11-154653, A 
Par. NOS. 0019-0043; Pigs. 1-7 

jp, 7-107199, B {Shitnada Rika Kogyo K.K.)< 
15 November, 1995 (15.11.95), 
example (Family: none) 

jp, 7-8119'7, B (NEC Corporation), 
30 August, 1995 (30.06.95), 
Column 4, line 44 to Column 6, line 10 



(Family: none) 



jp, 2000-328297, A {Dainippon Screen MPO, 

28 November, 2000 (28.11.00), 

par. Nos. 0037-0053; Figs. 1, 2 (Family 

jp, 11-87276, A lEIbara Corporation), 
30 March, 1999 (30.03.99), 
Claim 4 (Family: none) . 



Co., Ltd.), 
none) 



1-4,31.33, 
35,36.38.41, 
44,49,50-54.62 

1-4,31,33. 
35,36,38,41, 
44,49,50-54,62 

1-4,31,33, 
35,36,38,41, 
44,49 

1-26,36-45 



^ Ftnther documents are listed in the coDtinnation of Box a □ See patent femiiy annex. 



* Specif categones of cited documents; 

*A' docamient de«nmg the genciaJOTtB of the art wWch tenet 

cwsideredtolJCOfpailiailarfBtevaace . 
"E* eariia-tfocimNmbittpablUbedonoralterdiemtenBtionalQlmg 

date 

"L* docanxniyfiachjnayibiurfdMibUmfikxi^ 

cited to estaUishtbe pobiicatloa dote of anodier citation or other 

spcc»lrea8oo(»»5peciijed) 
"Or docuiMntrefcmDgtoanoraldi»bsiire,iis^ciiuhfionorofl» 



"T* docuiteal published prior to the inteioalioiialCUiig date bt^ 
diBD the priority date claimed 



T* later doouroempublidtedoflBr the isifieniatiomdfifiiig date 

prioifty date airf oot in conffi<« with the ^Bcatian but cite* to 
understand tbfl prindple or theory ujKlerijring the iDVCRlioii 
"5C* docoinentofpfflticiilHrrelevanoe; the claimed inrentlon 

coaadered oord or canoot be ccmcdciod to fanolve an inveadve 
slep Trbeo the document is okeo akme 
"Y* docurocot of particular retevanec; the daimod tuTcntioQ canoot be 
oonsideied to iavolYC aDinveoUvc step when the documcDl is 
combined vrilb one or moie othtr such docunieots, such 
cQodjnstioa being obvious to a pereon akUled in the art 
document meinber of Dte same patent ftmily 



Date of tbe actud completioQ of libe itttenutiooal 
03 April, 2001 (03.04.01) 



Date of inailing of the interoalioDa] seaich report 
17 April., 2001 (17.04.01) 



Name and mailing address of the ISA/ 
Japanese Patent Office 

FacsixnileMa 



Aufliorized officer 
Telephone No. 



FoiTD PCr/ISA/210 (second sheet) (July J992) 



97 



EP001174912A1[hnp://^ACV^^^^ 



_Page_98qf 98 



EPl 174 912 A1 



INTERNATIONAL SEARCH REPORT 



intcnjatioQal q^plicalioo Na. 

PCT/JPOO/09183 



CfContiouatiQD). IXXaJMENTSCX)NSIDERBD TO BE RELEVANT 




Category* 


Citetioa of documcot. wfli inificatioa. where appropnate, of the lelcvanl passages 


Relevant to cbdxD No. 


Y 


BP, 878834, A (MOTOROIA, INC.), 
18 November, 1998 (18.11.98), 
Colunin 7, line 52 to Column 8, line 16 
& JP, 10-321561 1 A 

P&r. NO< UQaj 


1-26,36-45 


Y 


JP, 9-5319a» A {Denso Corporation), 
25 February, 1997 (25.02.97), 
T>tti- AAi ^ /PAinilv; none) 


5-6 


Y 


JP, 11-269693, A (JAPAN BNERtSY CORPORATION), 
05 October, 1999 (05.10.99), 


7-13 


Y 


BP, 761387, A iEBARA CORPORATION), 
12 March. 1997 (12.03.97), 

c 1 ^ 0 ♦'o Tiane fi. line. 7 
& JP, 9-117BS7, A, Par. Nos. 0022-0025 


16-18 


Y 


JP, 11-198033, A (Canon Inc.), 
27 July, lyi'i' tzf,u/.:»3;# 
Claims 

Sl us, 6142855, A 


29,30,55-61 


Y 


TB 1 Q^R^ciA & /*!Qnv Coinoz'ation) > 

uPf iW JJ3*wO, A ^OWijf^ \*v^Apk/A / 

18 Decetiiber, 1998 (18.12.98), 
Claims (Family: none) 


29,30,55-61 


Y 


Tn 1 A OAQAQI A (MiVnn COTDOFation) . 

JP f ^j/— y vi* A f v-wi^i^'irf* , 
07 August, 1998 (07.08.98), 
(TLaims (Family: none) 


29,30,55-61 


Y 


JP, 9-36072, A (Toshiba Corporation) , 
07 February, ii??/ ^ir /.uz.:?// , 
Claims (Family: none) 


29,30.55-61 


Y 


JP, 8-316179, A (Sony Corporation) , 
29 Noveuiber. 1996 (29.11.96), 

Claims (Family: none) 


29,30,55-61 


Y 


JP, 8-240413, A (Toshiba CoJT)oration) , 
17 September, 1996 (17.09.96), 
Claims (Family: none) 


29,30,55-61 


Y 


JP, 55-85692, A (Hitachi, Ltd.), 
27 June, 1980 (27.06.80), 
Claims; Fig. 6 (Family: none) 


•JO •»•» Art 


Y 


US, 5853559, A (Mitsubishi Denki Kabushiki Kaisha) , 

29 December, 1998 (29.12.98), 

Column 3, line 61 to Column 4, line 37,- Fig.l 

& JP, 10-226896, A, Par. No. 0010/ Fig.l 


34.39,40,42, 
43,46-48. 
50-54,62 


Y 


JP, 6-169003, A (Toshiba Corporation), 
14 June, 1994 (14.06.94), 
Par. No. 0018 (Family: none) 


55-61 



Forai PCr/ISA/210 (continuation of second sheet) (July 1»2) 



98 



